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A taxonomic study of the crayfish species Cambarus (Hiaticambarus) 
longirostris was conducted. Multivariate and univariate statistical analyses of 
morphometric data and examination of morphological characters revealed the existence 
of four undescribed species from populations previously considered to belong to C. 
longirostris; these were located on the southern extents of the range of C. longirostris. 
Three of these new species were morphologically similar to the group of species 
containing C. coosawattae, C. chasmodactylus, C. elkensis, C. longirostris, C. longulus, 
and C. manningi, while one was morphologically similar to the C. fasciatus, C. 
girardianus, and C. speciosus group. Cambarus Species A, C. Species D, and C. Species 
E were morphologically similar to C. longirostris and were found in tributaries of the 
Tennessee River in north Alabama and south Tennessee. Cambarus Species D and C. 
Species E were found in the Flint River drainage in Alabama and Tennessee but were not 
collected together. Morphologically, C. Species D differed from C. longirostris and the 
other putative species in possessing a carina on the acumen of the rostrum, by dactyl 
tuberculation, and by pigmentation pattern. Cambarus Species A and C. Species E 
differed from C. longirostris and from each other in aspects of chela morphometrics and 
in the presence or absence of qualitative characters. Individuals of C. Species A had a 
corneous spine on the base of the ventral surface of the rostrum, and in individuals of C. 
Species E the abdominal pleura were acute. Cambarus Species B was found in the upper 
Savannah River system in South Carolina and was morphologically similar to C. 
fasciatus. The known range of each of these species is restricted, and much of the suitable 
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habitat for C. Species B was inundated by reservoir construction in the upper Savannah 
River drainage in the 1960s and 1970s. Three of the new species are considered 
Endangered using American Fisheries Society conservation categorization (C. Species B, 
C. Species D, and C. Species E), and C. Species A is considered Vulnerable. This study 
also addressed the general life history patterns of an imperiled crayfish, Cambarus (H.) 
elkensis. The population studied had a life span of five years, was capable of reproducing 
at about three years of age, and had one reproductive event per year. Females of this 
population of C. elkensis underwent reproductive form alternation. This is the first report 
of form alternation in the genus Cambarus and indicates that crayfish life histories are 
likely more complex than generally accepted. 
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PREFACE 
The crayfish subgenus Hiaticambarus Hobbs (1969) presently comprises nine 
species. Of these, six species have small ranges or are endemic to a river drainage or 
subdrainage, and three of the species have wide distributions that span more than one 
major river drainage system (Hobbs 1989, Jezerinac et al. 1995). One of these, Cambarus 
(Hiaticambarus) longirostris Faxon (1885), despite having been recognized as a distinct 
taxon for about 130 years, has remained poorly and incompletely understood. The species 
has been recognized as a subspecies of C. (H.) longulus Girard 1852 (Hay 1899, Ortmann 
1931, James 1966), or as a distinct species (Hobbs 1969, 1981), and at times as a 
synonym of C. (H.) girardianus Faxon (1885) (Bouchard 1976a, b). Previous studies of 
C. longirostris focused on northern populations while southern populations were poorly 
represented geographically and numerically, and in some studies were erroneously 
represented by specimens of other species, e.g., C. irardianus and C. (H.) manningi 
Hobbs (1981) (James 1966). This study represents the most complete morphological 
study of C. longirostris to date, particularly of southern populations.  
This study had two main objectives. The first was to assess the taxonomic status 
of the crayfish species Cambarus (Hiaticambarus) longirostris with the purpose of 
determining if undiagnosed diversity existed within the species. The second objective 
was to conduct a life history study of one species of the subgenus Hiaticambarus. 
Cambarus (H.) elkensis Jezerinac and Stocker (1993) was selected because it was 
considered threatened by Taylor et al. (2007), and listed G2 (NatureServe 2010) and S1 
(WVNHP 2007). Basic life history and other associated ecological information is 
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important in the conservation and management of any species, especially so in the case of 
narrowly endemic species or other species with small populations. Understanding these 
basic parameters help us to understand how these species may react in the presenc of 
invasive species, significant habitat alterations, and changes in climate. They also may be 
used to help predict areas where additional populations may be found or that are suitable 
for reintroduction or translocation of species of concern. 
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TWO NEW CRAYFISHES OF THE GENUS CAMBARUS (DECAPODA: 
CAMBARIDAE) FROM NORTHERN ALABAMA  
AND CENTRAL TENNESSEE, U.S.A. 
INTRODUCTION 
 
The crayfish Cambarus (Hiaticambarus) longirostris Faxon (1885) as presently 
understood is a wide–ranging species (Fig. 1.1), occurring in the Tennessee River and 
Coosa River drainages from Virginia to Alabama, and as introduced populations in the 
upper Savannah River drainage of South Carolina (Hobbs 1969, 1981, 1989). The species 
has been known for ca. 130 years, was the subject of a number of taxonomic studies, and 
for much of that time it was considered a subspecies of Cambarus (H.) longulus Girard 
1852. Hagen (1870) considered the holotype of C. longulus to be an aberrant specimen 
and synonymized C. longulus with C. bartonii (Fabricius 1798). In a revision of the 
family Astacidae (Crustacea: Decapoda), Faxon (1885) recognized C. longirostris as a 
variety of C. bartonii and noted that it might be conspecific with C. longulus, but did not 
resurrect C. longulus as a species. Later, after examining a large series of specimens of C. 
longulus, Faxon (1890) resurrected the species, but still considered C. longirostris a 
variety of C. bartonii. Hay (1899) first recognized C. longirostris as a subspecies of C.
longulus and separated the two using differences in the spine of the postorbital ridge and 
of the shape of the suborbital angle. However, the two species were subsequently 
classified as subspecies of C. bartonii, first by Harris (1903) and then by Faxon (1914). 
Ortmann (1931) abandoned the designation of C. longulus and C. longirostris as 
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subspecies of C. bartonii, and named C. longulus longirostris as a subspecies of C.
longulus longulus. James (1966) also classified C. longirostris as a subspecies of C.
longulus. Hobbs (1969), in a revision of the genus Cambarus, elevated both C. longulus 
and C. longirostris to full species status and placed them in the subgenus Hiaticambarus. 
Bouchard (1976a, b) synonymized C. longirostris with C. girardianus Faxon (1885); 
however, Hobbs (1981) disagreed with this decision. 
Despite having been recognized as distinct for a relatively long period of time, 
uncertainty has existed as to the identification of individuals and the status of populations 
of C. longirostris. While James (1966) conducted the most comprehensive distributional 
and systematic study of C. longirostris, he contributed to the confusion by including 
populations of C. girardianus in his study (Hobbs 1981). James (1966) characterized 
populations in the Hiwassee and in the Tennessee river drainages in Lawrence County, 
Tennessee, as having saddle–like pigmentation patterns on the dorsal surface of the 
carapace. Those from Lawrence County were orange pigmented whereas pigmentat on in 
those from the Hiwassee drainage were drab in comparison. This may be why Bouchard 
(1976a, b) placed C. b. longirostris Faxon 1885 in synonomy with C. girardianus, a 
species that often bears a similar pigmentation pattern on the dorsal surfaceof the 
carapace and that is often sympatric with C. longirostris.  
The existence of one or more undescribed species of crayfish of the subgenus 
Hiaticambarus in northern Alabama and southern Tennessee has been known for ca. 35 
years. Cooper and Hobbs (1980) collected individuals of C. Species A from tributaries of 
the Tennessee River and referred to them as Cambarus (Hiaticambarus) sp.  It is unclear 
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whether Cooper and Hobbs (1980) considered these specimens to represent an 
undescribed species or if they were unsure of its identity.  
 
 
Figure 1.1. Collection sites for Cambarus (H.) longirostris, C. (H.) Species A, and C. 




A total of 278 individuals of the two putative species and over 150 specimens of 
C. longirostris were examined. Crayfish were collected using a 2.5 x 1.25 m, 3-mm mesh 
fish seine and by hand. Crayfish were either preserved in 75% ethanol or kept live for 
photography and later preserved.  
Specimens were measured to the nearest 0.1 mm using digital calipers or with a 
Leica MZ6 stereo dissecting microscope fitted with an ocular micrometer. Morphometric 
measurements included total carapace length, rostrum length, chela length, dactyl length, 
palm length, mesial palm length, palm width, palm thickness, and finger gape width (Fig. 
1.2). Rostrum length was measured from the caudal margin of the orbit to the end of the 
acumen. Postorbital carapace length was calculated as postorbital carapace length = 
carapace length – rostrum length. Statistical analyses were made using measurements 
from form I males with normal, non-regenerated chelae. The right chela was used for 
measurements unless it was missing, damaged, or regenerated, then the left chela was 
used. 
Statistical analyses were used to separate C. longirostris, C. Species A, and C. 
Species E. Statistical analyses were made using IBM SPSS version 20 (2011),
Paleontological Statistics (Hammer et al. 2001) and Microsoft Excel. Non-normal raw 
morphological data were rank transformed prior to non-parametric statistical analyses. 
Separate principle components analyses (PCA) were used to identify potential differences 
in chela and carapace morphological variables using chela length and postorbital 
carapace length as standard size variables, respectively. Principal components were 
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factored from the covariance matrices. Principal component variable loadings ≥0.30 and 
≤ –0.30 were considered significant (McGarigal et al. 2000). Positive loadings indicate a 
direct relationship between the variable and the component, meaning that larger values of 
the variable are associated with positive values of the component (McGarigal et al. 2000). 
In contrast, negative loadings indicate an inverse relationship between the variable nd 
the component, meaning that larger values of the variable are associated with nega ive 
values of the component. Analysis of covariance (ANCOVA) was used to determine if 
significant morphological differences existed among taxa (Conover and Iman 1982, Zar 
1999). Chela length was used as the covariate for chela variables and postorbital carap ce 
length as the covariate for chela length, rostrum length, and rostrum width. For 
illustration, chela and carapace variables untransformed means, standard deviations, and 
confidence intervals were calculated for each taxon. 
 
 
Figure 1.2. Morphological measurements used in statistical analyses. 
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RESULTS 
Examination and evaluation of field collected material showed interspecific 
variation of chela and carapace morphometric variables. In addition to these diffr nces, 
qualitative characters were found that are useful for discrimination of the three taxa.  
 
Chela Analysis 
Principle components analysis of chela variables for 194 male form I individuals 
produced a within-group size component (PC1) and two shape components (PC2 and 
PC3) that accounted for 86.6, 9.2, and 2.1% of the variance, respectively (Table 1.1). A 
plot of PC1 vs. PC2 scores shows the separation of taxa along PC2; a plot of PC2 vs. PC3 
scores shows separation of the taxa on both axes (Fig. 1.3). The variables palm thickness 
and gape width loaded significantly on axis PC2, whereas dactyl length, palm length,
mesial palm length, palm width, and palm thickness loaded heavily on PC3. (Table 1.1). 
Palm thickness was negatively associated with PC2, while gape width was positively 
associated with PC2. Dactyl length, palm length, mesial palm length, palm width, an  
palm thickness loaded heavily on PC3. Palm length and mesial palm length were 
positively associated with PC3, and dactyl length, palm width, and palm thickness had 
negative associations.  
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Table 1.1. Principal component loadings for seven chela variables for C. l ngirostris, C. 
Species A, and C. Species E. 
 
Variable PC1 PC2 PC3 
Chela length 0.401 0.078 0.020 
Dactyl length 0.387 0.229 -0.336 
Palm length 0.390 -0.275 0.334 
Mesial palm length 0.385 -0.232 0.645 
Palm width 0.397 -0.055 -0.436 
Palm thickness 0.375 -0.390 -0.369 
Gape width 0.302 0.811 0.183 
    





Figure 1.3. Plots of principal component scores of ranked chela variables for 194 
invididuals of C. longirostris, C. Species A, and C. Species E: a, PC1 vs. PC2; b PC2 vs. 
PC3. 
 
Evaluation of rank transformed chela variables using ANCOVA showed 
significant differences among taxa for means of chela length (F2,188 = 38.6, P < 0.001), 
dactyl length (F2,19 = 31.0, P < 0.001), palm length (F2,190 = 126.3, P < 0.001), mesial 
palm length (F2,190 = 77.8, P < 0.001), palm width (F2,190 = 23.1, P < 0.001), palm 
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thickness (F2,190 = 108.0, P < 0.001), and gape width (F2,190 = 180.8, P < 0.001). Plots of 
the means, confidence intervals, standard deviations and ranges of ratios of 
untransformed chela variables are presented for comparison (Figs. 1.4a – g). Some 
overlap of standard deviations occurred among the taxa, with the least amount of overlap 
in the standard deviations of dactyl length/chela length (Fig. 1.4c), mesial palm 
length/chela length (Fig. 1.4d), palm length/chela length (Fig. 1.4e), palm thickness/chela 
length (Fig. 1.4f), and gape width/chela length (Fig. 1.4g). Of these varaiables, palm 
length/chela length exhibited the greatest separation among the three taxa, showing no 
overlap in standard deviations for any of the taxa (Fig. 1.4e). Greatest separation for C. 
Species E occurred for dactyl length/chela length, and mesial palm length/chela length, 
and palm length/chela length variables (Figs. 1.4c,d,e). Cambarus longirostris showed 
greatest separation for palm length/chela length, palm thickness/chela length, and gape 
width/chela length (Figs. 1.4e-g). 
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Figure 1.4. Untransformed means, 95% CI, ranges, and standard deviations for chela variable ratios for C. longirostris, 
C. Species A, and C. Species E. Means indicated by cross, CI limits by bold vertical lines, one standard deviation either 
side of mean by ends of rectangle, and ranges by horizontal lines. 
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Carapace Analysis 
Principle components analysis of carapace variables for 188 individuals produced 
a within-group size component (PC1) and two shape components (PC2 and PC3) that 
accounted for 69.2, 20.1, and 5.9% of the variance, respectively (Table 1.2). Plots of PC1 
vs. PC2 and PC2 vs. PC3 scores each show separation of taxa along PC2 (Fig. 1.5). The 
variables rostrum width and areola width loaded heavily on axis PC2, whereas postorbital 
carapace length, rostrum width, areola length, and areola width loaded heavily on PC3. 
(Table 1.2). Rostrum width was positively associated with PC2, while areola width as 
negatively associated with PC2. Rostrum width and areola width were positively 
associated with PC3 whereas postorbital carapace length and areola length w re 
negatively associated with PC3. 
 
Table 1.2. Principal component loadings for five carapace variables for C. l ngirostris, C. 
Species A, and C. Species E 
 
Variable PC1 PC2 PC3 
Postorbital carapace length 0.510 -0.189 -0.394 
Rostrum length 0.470 0.295 0.111 
Rostrum width 0.328 0.735 0.328 
Areola length 0.510 -0.124 -0.464 
Areola width 0.389 -0.568 0.714 
    








Figure 1.5. Plots of principal component scores of ranked carapace variables for 188 
invididuals of C. longirostris, C. Species A, and C. Species E: a, PC1 vs. PC2; b, PC2 vs. 
PC3. 
 
Evaluation of rank transformed carapace variables using ANCOVA showed 
significant differences among taxa for means of rostrum length (F2,183 = 37.0, P < 0.001), 
rostrum width (F2,183 = 580.3, P < 0.001), areola length (F2,183 = 8.6, P < 0.001), and 
areola width (F2,183 = 18.2, P < 0.001). Means, confidence intervals, standard deviations 
and ranges of ratios of untransformed carapace variables were plotted for comparis n 
(Figs. 1.6a – d). Plots of rostrum length/postorbital carapace length, areola 
length/postorbital carapace length, and areola width/postorbital carapace length showed 
extensive overlap of standard deviations (Figs. 1.6a – c), whereas a plot of rostrum 
width/postorbital carapace length showed clearest separation of standard deviations for C. 




Figure 1.6. Untransformed means, 95% CI, ranges, and standard deviations for carapace 
variable ratios for C. longirostris, C. Species A, and C. Species E. Means indicated by 
cross, CI limits by bold vertical lines, one standard deviation either side of man by ends 




In addition to the differences in morphometric variables, examination of C. 
longirostris and the putative species C. Species A and C. Species E revealed qualitative 
characters that were useful for their separation from one another (Figs 1.7a – e). 
Specimens of C. Species A have a corneous spine on the ventral surface of the rostrum 
whereas C. Species E does not (Fig. 1.7a); in specimens of C. Species A, the row of low 
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tubercles on the mesial surface of the palm of the chela is pronounced and forms a  
raised, thickened ridge but in C. Species E the row of tubercles is indistinct (Fig. 1.7b); 
Specimens of C. Species A bear a tuft of plumose setae at the base of the fingers of the 
chela of the cheliped, however, these are absent in specimens of C. Species E (Fig. 1.7c); 
and in form I male specimens of C. Species E, the caudomesial face of the gonopod is 
emarginate and forms a shelf or shoulder whereas in C. Species A the shelf or shoulder is 
absent (Fig. 1.7d).  
 
 
Figure 1.7. Qualitative characters for C. Species A (upper row) and C. Species E (lower 
row). a, presence/absence of ventral rostral spine; b, cristiform vs. flattened ubercle row; 
c, lateral view of abdominal pleura; d, presence/absence of chelae setae; e, mesial view of 
first gonopod of form I male. 
 
DISCUSSION 
That C. longirostris is distinct and diagnosable from C. longulus has been known 
for about 130 years, but the range of the species was poorly known until James (1966) 
designated C. longirostris as a subspecies of C. longulus. Until then, C. longirostris was 
known in the Tennessee River drainage only from locations upstream of the confluence 
of the French Broad and Holston rivers, upstream of the mouth of the Clinch River, and 
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as far south as northwest Alabama in the Coosa River drainage Ortmann (1931). In the 
Tennessee River drainage, James (1966) extended the range of C. longirostris to include 
the Emory, Little Tennessee, Hiwassee, Sequatchie, and Elk rivers and Shoal Creek 
drainages, and additional sites in the upper Coosa River drainage. 
Some of the populations that James (1966) used in his study were actually species 
other than C. longirostris. Specimens from the upper Coosa River drainage in Floyd 
County, Georgia, are C. manningi Hobbs (1981), and those from the upper Coosa River 
in Dekalb County, Alabama were either C. girardianus or represent an undescribed 
species other than the putative taxa considered here (Hobbs 1981). Specimens from the 
Clinch, Emory, and Hiwassee rivers were also C. girardianus. Those from the Shoal 
Creek and Elk River drinages in Tennessee and Alabama respectively represented the 
putative C. Species A.  
Hobbs (1969, 1981, 1989) recognized that James (1966) had included populations 
of species other than C. longirostris in his study, and apparently considered the 
populations from Lawrence County Tennessee and Lauderdale County Alabama to be 
conspecific with C. girardianus. In Hobbs (1969) the range of C. longirostris did not 
extend as far west as Lawrence and Lauderdale counties and the only other membeof 
the subgenus shown there was C. girardianus. Hobbs (1981) synonomized James’ (1966) 
saddle patterned populations with C. girardianus, and Hobbs (1989) listed the western 
extent of the range of C. longirostris as near the confluence of the Sequatchie and 
Tennessee rivers. 
 15
James (1966) compared means and ranges of ratios of morphometric 
measurements for the three subspecies he recognized in addition to qualititative 
characters, but was able to find only one character that he thought was reliable for 
discrimination of C. longirostris from C. chasmodactylus James (1966) and C. longulus; 
an acute suborbital angle. No methods were given so it is unknown if James (1966) 
compared populations (e.g., by river basin) of C. longirostris with one another for 
morphometric and other variables. It seems unlikely that he made comparisons on a 
population level because he found no differences in morphology among C. longirostris, 
C. manningi, and putative C. Species A, possibly because of small sample sizes from the 
latter populations. Even cursory examination of putative C. Species A and C. manningi 
would have revealed characters that separated these taxa from one another and fromC. 
longirostris. In the case of C. manningi, in comparison to C. longirostris, the suborbital 
angle is obtuse or obsolete, the areola length comprises a greater proportion of the 
carapace length, and the central projection of the form I male first gonopod is markedly 
shorter, thicker, and deflected at a noticeably smaller angle from the gonopod axis. 
Of 11 morphometric variables evaluated, six were useful as taxonomic characters, 
and further examination of the material revealed four qualitative characters that were 
useful for discrimination of the three taxa (Table 1.3). The morphometric characters 
useful for separating C. Species A and C. Species E from C. longirostris are palm 
thickness, gape width, and rostrum width. Putative species C. Species A and C. Species E 
chelae have relatively thicker palms and narrower gaping fingers and narrower ostra than 
does C. longirostris.  
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Table 1.3. Morphometric and qualitative character matrix useful for discriminating C. 
longirostris, C. Species A, and C. Species E. 
 
 Character C. longirostris C. Species A C. Species E 
Dactyl length long long short 
Palm length short intermediate long 
Mesial palm length short short long 
Palm thickness thin thick thick 
Gape width wide narrow narrow 
Rostrum width wide narrow narrow 
Ventral rostral spine absent present absent 
Setae on chela present present absent 
Chela mesial tubercle row flattened cristiform flattened 
Abdominal pleura subtruncate subtruncate acute 
Form I male gonopod w/o shoulder w/o shoulder w/shoulder 
 
Although C. Species A and E share many morphological affinities these two 
putative species differ in the relative proportions and in qualitative characters of the 
chela. Chela length is longer relative to postorbital carapace length for C. Species E than 
for C. Species A (Fig. 1.4a), and in C. Species E the mesial palm length and palm length 
are noticeably longer relative to chela length than for C. Species A. Correspondingly, the 
relative length of the dactyl for C. Species E is shorter than for C. Species A. The row of 
tubercles along the mesial margin of the palm is indistinct and flattened and conspicuous 
tufts of setae are absent from the bases of the chela fingers in C. Species E, whereas in C.
Species A the row is pronounced and subcristiform and conspicuous tufts of setae are 
present at the bases of the chela fingers. The ventrally acute abdominal pleura, form I 
male gonopod with shoulder on caudomesial face, and lack of a ventral spine on the 
ventral keel of the rostrum further distinguish C. Species E from C. Species A. Given 
these differences with one another and with C. longirostris, recognition of two new 
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Cambarus (Hiaticambarus) Species A, New Species 
 
Cambarus longulus longirostris. – James, 1966:10–11 [in part], 12 [in part], 17, fig. 2a, 
 2b. 
Cambarus (Hiaticambarus) girardianus – Hobbs, 1981:147 [in part]. 
Cambarus (Hiaticambarus) sp. – Cooper and Hobbs, 1980:7 
 
Diagnosis 
Body and eyes pigmented. Rostrum lacking marginal spines or tubercles, with 
large corneous spine on ventral keel; margins thickened and gently tapering; concave 
dorsally; terminating in equilateral acumen; length constituting 12.0 –19.1% (x  = 16.1%, 
n = 166, SD = 0.01) of CL. Acumen more convergent than rostrum and terminating in 
small dorsally directed corneous tubercle; length constituting 33.3–52.2% (x  = 42.0%, n 
= 164, SD = 0.04) of rostrum length. Carapace subovate in dorsal view and compressed 
dorsoventrally. Areola length constituting 32.5–40.3% (x  = 36.3%, n = 165, SD = 0.01) 
of CL and 39.2–45.8% (x  = 43.3%, n = 165, SD = 0.01) of PCL. Areola 2.7–4.3 (x  = 
3.4, n = 164, SD = 0.33) times as long as wide, punctate, with 9–13 (mode = 10, n = 81) 
punctations across midlength. Postorbital carapace length 81.3–88.0% (x  = 83.9%, n = 
165, SD = 0.011) of CL. Postorbital ridge terminating cephalically in small, corneous, 
anterodorsally directed tubercle, reduced or absent in abraded, late intermolt individuals. 
Cervical spine reduced to small depressed tubercle. Hepatic spine absent; branchiostegal 
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spine reduced to diminutive corneous tubercle. Suborbital angle acute or subacute, 
bearing corneous tubercle on apex. Antennal scale widest at or near midlength, 2.2–2.8 
( x  = 2.5, n = 81, SD = 0.13) times as long as wide, lateral margin thickened and 
terminating distally in long corneous spine; mesial margin of lamella subparallel to lateral 
margin, gently angling to distal margin. Basis of antennal peduncle with minute 
distolateral corneous tubercle; ischium of peduncle without ventral spine or tubercle. 
Cephalomedian lobe of epistome subtriangular; epistomal zygoma moderately a ched. 
Chela with moderately gaping fingers, with conspicuous tuft of dense setae dorsally and 
ventrally along opposable base of fixed finger reaching distal third, and sparseetation 
along base of opposable margin of dactyl; lateral margin of propodus rounded and 
without costa, lacking impression at base of fixed finger; dorsal and ventral surfaces of 
fingers without longitudinal ridges. Opposable margins of fixed finger and dactyl with 
rounded corneous tubercles; third tubercle from base of dactyl usually ventral to rest of 
tubercle row; distal end of fixed finger with heavy subconical tubercle ventral to tubercle 
row. Chela with single row of 7–9 (mode = 8, n = 82) tubercles along mesial margin of 
palm forming defined, subcristiform ridge, without part of second row dorsolateraly. 
Palm of chela 1.4–1.7 (x  = 1.5, n = 149, SD = 0.07) times as wide as deep and 1.1–1.6 
( x  = 1.3, n = 149, SD = 0.12) times as wide as length of mesial margin of palm. Fixed 
finger and dactyl relatively short, dactyl 1.0–1.4 (x  = 1.2, n = 148, SD = 0.05) times 
length of mesial margin of palm. Hook on ischium of third pereopod of males, large and 
overreaching basioischial articulation in form I males, weakly developed and not 
overreaching articulation in form II males, hook opposed by small tubercle on basis. 
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Coxa of fourth pereopod of males with caudomesial boss. Pleura of third through fifth 
abdominal segments with weakly oblique cephaloventral margin, angular caudoventrally, 
ventrally subtruncate and rounded. 
First pleopods of form I male symmetrical and either contiguous or separated 
basally; distal half of appendage angled cephalically to proximal half at ngle of about 17 
degrees; both terminal elements moderately short but extending past greatest width of 
appendage; central projection corneous, bladelike, not tapering, recurved at about 130 
degrees to distal portion of appendage, with distinct subapical notch directed proximally; 
mesial process inflated, membranous, with inflated tip disposed at about right angle o 
shaft of appendage and slightly laterally. First pleopod of form II male diff rs from that 
of form I male in the following respects: pleopods separated basally; central projection 
bulbous and not corneous, lacking subapical notch; juvenile suture present on basal third 
of appendage. Annulus ventralis 1.3–1.6 times as wide as long (x  = 1.5, n = 35, SD = 
0.08), shallowly embedded and barely moveable, asymmetrical, caudodextral wall 
convex, caudosinistral wall subangular; cephalic area less sclerotized than caudal area; 
cephalic area with short, well-defined, parallel ridges flanking short deep longitudinal 
trough; sinus originating under caudal end of sinistral ridge, following reverse S-shaped 
course before terminating on end of midcaudal wall; sinistrally directed tongue arising 
from dextral half of annulus and deeply inserted into sinus. Postannular sclerite 
semicircular, about 1.8 times as wide as long, one–third as long as annulus, and half as 
wide as annulus. First pleopod uniramous and reaching fossa of annulus ventralis when 
abdomen flexed.   
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Figure 1.8. – Cambarus (Hiaticambarus) Species A (all from holotype except c, d from morphotype, and g from 
allotype): a, c, mesial view of first pleopods; b, d, lateral view of first pleopods; e, dorsal view of distal podomeres of 
cheliped; f, caudoventral view of first pleopods; g, ventral view of annulus ventralis; h, dorsal view of antennal scale; i 
lateral view of carapace; j, lateral view of abdomen; k, lateral view of rostrum showing ventral spine; l, ischium and 
basis of third pereiopod; m, dorsal view of rostrum; n, ventral view of epistome. 
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Holotypic Male, Form I 
Body subovate in dorsal view, dorsoventrally compressed (Fig.s 1.8i, 1.9, 1.10). 
Abdomen narrower than cephalothorax (12.0 and 15.0 mm); maximum width of carapace 
greater than depth at caudodorsal margin of cervical groove (15.0 and 10.7 mm). Areola 
3.7 times as long as broad, constituting 37.1% of CL (43.6% of PCL); densely punctate 
with 12 punctations across narrowest part. Rostrum (Fig. 1.8m) with gently converget, 
thickened margins extending along acumen to apex; reaching midlength of ultimate 
podomere of antennular peduncle; dorsal surface of rostrum shallowly concave, with 
punctations coalescing in basal region, forming irregular transverse stria . Ventral keel of 
rostrum with strong corneous spine (Fig. 1.8k). Subrostral ridge strong and visible in 
lateral aspect along length of rostrum to base of acumen, then coalescing with rostral 
ridges and continuing to apex. Postorbital ridge short with shallow groove dorsolate ally, 
right ridge terminating cephalically in small corneous tubercle, left ridge without 
tubercle. Suborbital angle subacute, small corneous tubercle on apex; branchiostegal 
spine minute, tuberculiform. Cervical spine represented by small, depressed tubercle. 
Carapace densely punctate dorsally and laterally, granulate caudolaterally. Abdomen 
shorter than carapace (24.4 and 26.9 mm); pleura (Fig. 1.8j) subangular caudoventrally, 
weakly oblique cephaloventrally, with subtruncate ventral margins. Cephalic section of 
telson with 2 spines in each caudolateral corner (mesial spines moveable); transverse 
suture clearly defined. Mesial ramus of uropod broadly rounded caudad and with poorly 
defined submedian ridge bearing weak premarginal spine, spine present on distolateral 
corner. Lateral ramus of uropod with rounded lobe caudad; poorly defined submedian 
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ridge on proximal podomere, transverse suture well defined, distal margin of proximal 
podomere of left lateral ramus with 10 spines, right lateral ramus with 12 spines, each 
ramus with additional smaller tubercles, in addition to these, margin of each podomere 
with large moveable spine in notch mesial to spine in distolateral corner. 
Cephalomedian lobe of epistome (Fig. 1.8n) subtriangular with weakly elevated 
(ventrally) margins, surface flat; main body with conspicuous deep fovea; epistomal 
zygoma arched and flanked cephalolaterally by deep linear pits. Ventral surface of 
proximal podomere of antennular peduncle with small, acute tubercle at base of distal 
fourth. Antennal peduncle with minute lateral spine on basis, remaining podomeres 
lacking spines; flagellum broken but reaching cephalic margin of third abdominal 
tergum; antennal scale (Fig. 1.8h) 2.3 times as long as wide, broadest at about midlength, 
distal spine strong and reaching proximal third of ultimate podomere of antennular 
peduncle. Ventral surface of ischium of third maxilliped with dense, longitudinal band of 
stiff setae. 
Right chela (Fig. 1.8e) 2.0 times as long as broad, mesial margin of palm 
occupying 34.5% of its length. Mesial surface of palm with single row of 8 tubercles; 
dorsal and ventral surfaces with large, deep, sparsely placed punctations, lateral surface 
rounded with no costa. Fingers widely gaping, proximal two-thirds of opposable surface 
of fixed finger with conspicuous tuft of setae on dorsal and ventral surfaces; neither 
finger with median longitudinal ridge on dorsal or ventral surface, each with conspi uous 
deep punctations; opposable margin of fixed finger with row of 8 corneous tubercles 
extending from base almost to end, seventh from base ventral to tubercle row, row of 
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minute denticles present on same level as tubercle row, running from corneous tip of 
finger to fifth tubercle from base, from there represented by 1–2 denticles between 
tubercles along distal half of finger; opposable margin of dactyl with row of 9 crneous 
tubercles extending from base to end of dactyl, third tubercle from base displaced 
ventrally, denticles forming single row on same level as tubercles, running from tip of 
dactyl to eighth tubercle from base, from there represented by 1–2 denticles between 
tubercles along distal third of dactyl. Lateral surface of fixed finger and mesial surface of 
dactyl punctate. 
Carpus of cheliped with oblique furrow dorsally, flanked by sparse punctations; 
mesial surface with stout, curved spine, with smaller rounded tubercle proximally; ventral 
surface with few punctations and without tubercles on distal margin. Merus with two 
squamous premarginal tubercles dorsally; ventrolateral row represented by 2 heavy 
corneous spines and ventromesial row consisting of 6 large corneous tubercles. 
Ventromesial margin of ischium with 3 corneous tubercles.  
Hook on ischium of third pereopod (Fig. 1.8l) overreaching basioischial 
articulation and opposed by tubercle on basis. Coxa of fourth pereopod with transverse 
ridgelike caudomesial boss disposed vertically; coxa of fifth pereopod without boss, 
ventral membrane sparsely setiferous. First pleopods (Fig. 1.8a, b, f)  reaching coxae of 





Excluding secondary sexual characteristics, differing from holotypic male in the 
following respects: Antennal flagellum broken, reaching caudal margin of third 
abdominal tergite. Antennal scale 2.6 times as long as wide, distal spine strong and 
reaching midlength of ultimate podomere of antennular peduncle. Rostrum reaching 
proximal base of ultimate podomere of antennular peduncle. Suborbital angle acute. 
Areola 4.2 times as long as broad, constituting 36.8% of CL (41.6% of PCL); densely 
punctate with 10 punctations across narrowest part. Abdomen narrower than 
cephalothorax (12.7 and 14.3 mm); maximum width of carapace greater than depth at 
caudodorsal margin of cervical groove (14.3 and 10.7 mm). Abdomen longer than 
carapace (25.4 and 26.3 mm). Cephalic section of telson with 2 spines in both 
caudolateral corners (mesial spines moveable). Distal margin of proximal podomere of 
left lateral ramus with 8 spines, that of left lateral ramus with 10. Right chela 1.9 times as 
long as broad, mesial margin of palm occupying 34.5% of its length. Mesial surface of 
palm with single row of 6 tubercles. Merus with one squamous premarginal tubercle 
dorsally. 
Annulus ventralis (Fig. 1.8g) 1.3 times as wide as long, postannular sclerite 
semicircular, 1.8 times as wide as long, width constituting 56.2% of annulus width. First 
pleopods uniramous and reaching midlength of annulus ventralis. (See “Diagnosis” for 
description of annulus ventralis.) 
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Morphotypic Male, Form II 
Differing from holotype in the following respects: Antennal flagellum reaching 
midlength of second abdominal tergite; antennal scale 2.7 times as long as wide, distal 
spine reaching base of ultimate podomere of antennular peduncle. Suborbital angle acute. 
Areola 3.8 times as long as broad, constituting 37.5% of CL (44.1% of PCL), with 11 
punctations across narrowest part. Abdomen narrower than cephalothorax (11.1 and 8.1 
mm), maximum width of carapace greater than depth at caudodorsal margin of cervical 
groove (9.5 and 7.2 mm). Distal margin of proximal podomere of right lateral ramus of 
uropod with 13 spines, that of left lateral ramus with 9, both rami with two large 
moveable spines in distolateral notch. 
Mesial margin of palm of right chela occupying 34.8% of its length, mesial 
surface of palm with single row of 7 low tubercles, distal tubercles marked only by 
punctations. Fingers moderately gaping; no tubercles on opposable margin of dactyl 
ventral to any other tubercles on margin.  
Ventrolateral row of merus of cheliped represented by 2 small corneous tubercles 
and ventromesial row consisting of 7 corneous tubercles. Ventromesial margin of ischium 
with 2 tubercles. Hook on ischium of third pereopod short, not overreaching basioischial 
articulation, opposed by tubercle on basis. Coxa of fourth pereopod with weakly 
developed caudomesial boss. 
First pleopods (Fig. 1.8c, d) reaching coxae of third pereopods, symmetrical, and 




Base color of carapace orange, or orange tinged with tan or olive, branchiostegites 
overlain with black pigmentation in some individuals (Figs. 1.9, 1.10), caudal saddle 
extending cephalad along lateral carapace from black caudal flange of carapa e and in 
some individuals reaching as far cephalad as caudal margin of cervical groove; 
mandibular adductor regions with dark orange or brown splotches, median gastric area 
orange becoming brown cephalad, rostral ridges orange or yellowish orange, floor of 
rostrum darker orange or brown, orbital and postorbital ridges orange or brown, hepatic
region dark orange or brown, and orbital region light orange. First abdominal tergum 
orange and in some individuals either the cephalic or caudal portion is marked with 
darker pigment, remaining terga orange, cephalic portion of pleura of second tergite 
white; proximal podomere of telson orange, distal podomere dark orange or brown, 
uropods greenish blue, uropods and telson bearing orange spines. Ischia of last two 
walking legs and merus and carpus of each walking leg orange dorsally and aterally, 
carpus and distal end of merus darker orange or brown, propodus and dactylus of each 
walking leg olive or bluish olive. Proximal half of merus of cheliped cream or light 
orange with distal one-third orange and olive, carpus with base color orange and dorsal 
groove olive. Base color of palm of chela of cheliped orange or olivaceous orange 
dorsally, overlain with pattern of olive splotches, mesial margin of palm darker orange or 
brown, tubercles of mesial palm orange, dactylus and finger of propodus olive and white 
or cream distally, ridge adjacent to proximal articular condyle of dactylus yellowish 
orange, setae at base of fixed finger white. 
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Figure 1.9. Cambarus (H.) Species A form I male from type locality. 
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Figure 1.10. Cambarus (H.) Species A form II male from type locality. 
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Measurements 
Table 1.4. Standard measurements (mm) of type specimens of C. Species A. 
    Holotype   Allotype   Morphotype   
        
Chela        
   Depth  10.7  10.7  8.1  
   Width  15.0  14.3  11.1  
   Total Length  26.9  26.0  20.2  
   Postorbital length  22.9  23.0  17.2  
Areola        
   Width  2.6  2.3  2.0  
   Length  10.0  9.6  7.6  
Rostrum        
   Width  3.9  3.1  2.9  
   Length  4.0  3.0  3.0  
Chela        
   Mesial palm length  8.6  6.7  5.3  
   Palm width  12.1  10.1  7.7  
   Lateral margin length 24.8  19.4  15.2  
   Dactyl length  14.5  11.7  8.7  
Abdomen        
   Width  12.0  12.7  9.1  
   Length  24.4  25.4  20.4  





The holotypic male, the allotype, the morphotypic male and paratypes comprising 
material examined will be deposited in the crustacean collection at the Illinois Natural 




Cox Creek upstream and downstream of Alabama State Route 17, 0.12 km north 
of junction with Alabama State Route 133, Florence, Lauderdale County, Alabama. 
 
Range and Specimens Examined 
This crayfish is known only from southern flowing tributaries of the westward 
flowing Tennessee River in Lauderdale County in Alabama and Giles, Lawrence, and 
Wayne counties in Tennessee.  
I have examined 254 specimens from the following localities (Fig. 1.11). 
ALABAMA. Lauderdale County: (1) Type-locality, 10♂I, 1♂II, 7♀, 1j♀, 22 Oct. 2005, 
D. R. Jones (DRJ), G. A. Schuster (GAS); 4♂I, 1♂II, 7j♂, 1♀OV, 3♀, 2j♀, 3 Apr. 2006, 
DRJ; (2) Cowpen Creek @ County Road (CR) 8, ca. 7.3 air km (akm) SW Greenhill, 
10♂I, 1♂II, 3j♂, 6♀, 20 Jan. 2002, DRJ, R. C. Harrington (RCH); (3) Threet Creek @ 
CR 5, NE Threet, 2♂I, 3♀, 2j♀, 20 Jan. 2002, DRJ, RCH; (4) Indian Creek @ CR 61 ca. 
4 akm E Blackburn, 9♂I, 2j♂, 3j♀, 3 Apr. 2006, DRJ; (5) Middle Cypress Creek @ State 
Route (SR) 157 ca 0.85 akm SE Cloverdale, 3♂I, 1j♂, 3♀OV, 3j♀, 3 Apr. 2006, DRJ. 
TENNESSEE. Giles County: (6) Puncheon Branch @ Sugar Creek Road and Puncheon 
Branch Road, ca. 4 akm SW Minor Hill, 6♂I, 3♂II, 1♀OV, 2♀, 5 Apr. 2006, DRJ; 
Lawrence County: (7) Shoal Creek @ US 64, ca. 2.5 akm W Lawrenceburg, 9♂II 5j♂, 
3♀OV, 10♀, 3j♀, 12 Apr. 2003, DRJ, M. M. Spacil (MMS); Wayne County: (8) Butler 
Creek @ Swanegan Branch, ca. 7.5 akm NW Iron City, 4♂II, 2j♂, 10♀, 5j♀, 19 Jan 
2002, DRJ, RCH; (9) Cooper Branch @ Barkley Branch Road, ca. 1.5 akm W Cypress 
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Inn, 4♂I, 19 Jan. 2002, DRJ, RCH; (10) Middle Cypress Creek @ CR 227, ca. 6 akm W 
Fairview, 3♂I, 2♀, 19 Jan. 2002, DRJ, RCH; (11) Unnamed tributary to Butler Creek @ 
SR 227, ca. 4.8 akm W Iron City, 2♂I, 1♂II, 9j♂, 5♀, 4j♀, 19 Jan 2002, DRJ, RCH; (12) 
Butler Creek @ SR 227, ca. 4.8 akm NW Iron City, 19♂I, 13♂II, 3j♂, 3♀OV, 13♀, 4j♀, 
12 Apr. 2003, DRJ, MMS; (13) Cypress Creek @ Spain Road, ca. 7 akm SW 
McGlamerys Stand, 6♂I, 8♂II, 2♀, 12 Apr. 2003, DRJ, MMS; (14) Factory Creek @ 
Factory Creek Road ca. 10.5 akm S Highland, 5♂I, 1j♂, 4 Apr. 2006, DRJ. 
 
 
Figure 1.11. Collection sites for Cambarus (H.) Species A and C. (H.) Species E. 
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Variations 
The available material exhibited little variation. The most noticeable differenc s 
were in pigmentation where the caudal saddle was well defined or very faint, extend d 
cephalad along the lateral carapace or scarcely at all, and the overallbackground color 
was orange or an olivaceous orange. Setae at the base of the fingers of the chelae were 
present or absent. The chelae of form I males were normally subtriangular or subovate 
but in some specimens were subrectangular. In some specimens structure and orientation 
of the annulus ventralis was a mirror image of the description in the diagnosis. None of 
these variations were associated with geography. 
 
Size 
The largest specimen available was a form I male with a CL of 32.4 mm (PCL = 
27.9 mm). The smallest form I male available had a CL of 18.5 mm (PCL = 15.5 mm). 
The largest form II male in the collections had a CL of 23.1 mm (PCL = 19.2 mm), and 
the largest female in the collections had a CL of 30 mm (PCL = 25.5 mm). 
 
Life History Notes 
Collections were available for only three months of the year: January, April, and 
October. Form I males were found in collections in each of those months, but ovigerous 
females (n = 9) were found only in April. It is possible that form I, reproductively active 
females (Jones and Eversole 2011) were present in the January collections, but those data 
have not been analyzed.  
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Ecological Notes 
Similar to other members of the subgenus, this crayfish has an affinity for 
moderately to swiftly flowing water. It was usually found beneath cobble and small 
boulders in riffles and runs with clean gravel or sand bottoms. At gravel bottomed sites 
lacking cobble or small boulder sized stones, this crayfish was absent or scarce, being 
replaced instead with Orconectes species, especially O. compressus. It was also absent or 
scarce at sites with bedrock bottoms, even in the presence of suitable cobble\boulder 
habitat. Ovigerous females were often found beneath stones in pools, and molting adults 




Morphologically this crayfish appears to have affinities with C. longirostris and 
C. Species E. It differs from both of these species in pigmentation pattern, in possessing a 
ventral rostral spine, and by the well-developed, nearly cristiform, row of tubercles on the 
mesial margin of the palm of the chela. It differs from C. longirostris in having chelae 
with narrower gape width and longer and wider palms, by the non-tapering central 
projection of the form I male gonopod, and in lacking a light tan ellipsoidal area on the 
caudodorsal margin of the carapace. Cambarus Species A further differs from C. Species 
E in lacking a shoulder on the caudomesial face of the form I male gonopod, and in 
having ventrally rounded, subtruncate pleura rather than ventrally angular and acute 
pleura. The species clearly belongs to the group of Hiaticambarus comprising what 
Hobbs (1981) considered to be the more derived members: C. coosawattae, C. 
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chasmodactylus, C. elkensis, C. longirostris, C. longulus, and C. manningi. However, 
given the morphological data considered, and in the absence of genetic analyses, it is not 




Cambarus (H.) Species A has been collected with the following crayfish species: 
C. (H.) girardianus, C. (Depressicambarus) graysoni, C. (D.) striatus, Orconectes 
(Gremicambarus) alabamensis, O. (G.) compressus, O. (Procericambarus) forceps, and 
O. (P.) spinosus.  
 
Suggested Vernacular Name 
The suggested vernacular name for this crayfish is the Fall Line Hills Crayfish. 
The Fall Line Hills ecoregion is comprised of parts of the the Fall Line Hlls in Alabama 
and Tennessee and the Tombigbee Hills in Mississippi (Griffith et al. 2009). This 




Using the methodology used by Taylor et al. 2007, the following conservation 
status rankings are given for this crayfish: V (vulnerable), American Fisheries Society 
status; G2, global heritage ranking; and S1, state heritage rankings for Alabama nd 
 36
Tennessee. Criteria for these listings are restricted range and the potential for the 
destruction, modification, of reduction of this species’ habitat and range. 
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Cambarus (Hiaticambarus) Species E, New Species 
 
Diagnosis 
Body and eyes pigmented. Rostrum lacking marginal spines, tubercles, or median 
carina; margins thickened and strongly tapering; slightly concave dorsally and excavate 
longitudinally; terminating in long, evenly tapering acumen; length constituting 15.2–
18.2% (x  = 16.4%, n = 23, SD = 0.01) of CL. Acumen slightly more convergent than 
rostrum and terminating in small dorsally directed corneous tubercle; without median 
carina; length constituting 36.7–51.3% (x = 43.0%, n = 23, SD = 0.04) of rostrum 
length. Carapace subovate and moderately compressed dorsoventrally. Areola length 
constituting 36.0–38.3% (x  = 37.1%, n = 23, SD = 0.01) of CL and 43.2–45.5% (x  = 
44.5%, n = 23, SD = 0.01) of PCL. Areola 3.1–3.8 (x  = 3.5, n = 23, SD = 0.2) times as 
long as wide, punctate, narrowest at midpoint, with 8–10 (mode = 9, n = 24) punctations 
across narrowest part. Postorbital carapace length 81.8–84.6% (x  = 83.6%, n = 23, SD = 
0.01) of CL. Postorbital ridge terminating cephalically in small, corneous, anterodorsally 
directed tubercle. Cervical spine reduced to small tubercle, flanked by 2–3 smaller or 
subequal tubercles. Hepatic spine absent; branchiostegal spine reduced to small crneous 
tubercle. Suborbital angle subacute (n = 16) or obtuse (n = 10), bearing small corneous 
tubercle on apex. Antennal scale widest at or near midlength, 2.3–2.7 ( = 2.5, n = 23, 
SD = 0.1) times as long as wide, lateral margin thickened and terminating distally in long 
corneous spine; mesial margin of lamella subparallel to lateral margin, gently angling to 
distal margin. Basis of antennal peduncle with minute distolateral corneous tubercle; 
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ischium of peduncle without ventral spine or tubercle. Cephalomedian lobe of epistome 
semicircular or triangular; epistomal zygoma moderately arched.  
Chela and fingers inflated, fingers widely or moderately gaping in form I males 
and weakly gaping in form II males and females, usually without conspicuous tuft of 
setae along opposable base of fixed finger, although setation present in some younger or 
early intermolt individuals; lateral margin of propodus rounded and without costa, 
lacking impression at base of fixed finger; dorsal and ventral surfaces of fingers without 
longitudinal ridges. Opposable margins of fixed finger and dactyl with low, rounded 
tubercles; third or fourth tubercle from base of dactyl situated ventral to rest f tubercle 
row; distal end of fixed finger with tubercle ventral to tubercle row. Chela with single 
row of 8–10 (mode = 9, n = 21) strongly depressed tubercles along mesial margin of 
palm, barely evident in silhouette, distal tubercles usually absent and marked by 
punctation, without part of second row dorsolaterally. Palm of chela 1.4–1.6 (x  = 1.5, n 
= 18, SD = 0.06) times as wide as deep and 1–1.2 (x  = 1.1, n = 18, SD = 0.05) times as 
wide as length of mesial margin of palm. Fixed finger and dactyl relatively short, dactyl 
1.1–1.3 (x  = 1.2, n = 18, SD = 0.06) times length of mesial margin of palm.  
Hook on ischium of third pereopod of males, large and overreaching basioischial 
articulation in form I males, weakly developed and not overreaching articulation in form 
II males, hook opposed by small tubercle on basis. Coxa of fourth pereopod of males 
with caudomesial boss. Pleura of third through fifth abdominal segments with subangular 
or angular cephaloventral margin, angular posteroventrally, ventrally acute nd rounded. 
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First pleopods of form I male symmetrical and either contiguous or separated 
basally; distal half of appendage angled cephalically to proximal half at ngle of about 27 
degrees; both terminal elements moderately short but extending past greatest width of 
appendage; central projection corneous, bladelike, not tapering, recurved at about 132 
degrees to distal portion of appendage, with distinct subapical notch directed 
caudoproximally; mesial process inflated, membranous, with acute fingerlike tip disposed 
at about right angle to shaft of appendage and slightly laterally. First pleopod of form II 
male differs from that of form I male in the following respects: pleopods separated 
basally; central projection bulbous and not corneous, lacking subapical notch; juvenile 
suture present on basal third of appendage. 
Annulus ventralis 1.4–1.5 times as wide as long (x  = 1.4, n = 3, SD = 0.06), 
barely moveable, asymmetrical, caudodextral wall convex, caudosinistral wall angular 
and slightly concave caudad; cephalic area less sclerotized than caudal area; cephalic area 
with caudally diverging ridges flanking longitudinal trough; trough deepening and 
widening caudad, sinus originating under caudal end of dextral ridge, following S–shaped 
course before terminating on end of midcaudal wall, dextrally directed tongue arising 
from sinistral half of annulus deeply inserted into sinus. Postannular sclerite crscent 
shaped, 3 times as wide as long, one–third as long as annulus, and three–fourths as wide 
as annulus. Female first pleopods uniramous and reaching midlength of annulus ventralis 
when abdomen flexed.  
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Figure 1.12. – Cambarus (Hiaticambarus) Species E (all from holotype except c, d from morphotype, and g from 
allotype): a, c, mesial view of first pleopods; b, d, lateral view of first pleopods; e, dorsal view of distal podomeres of 
cheliped; f, caudoventral view of first pleopods; g, ventral view of annulus ventralis; h, dorsal view of antennal scale; i 
lateral view of carapace; j, lateral view of abdomen; k, ventral view of epistome; l, ischium and basis of third 
pereiopod; m, dorsal view of rostrum. 
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Holotypic Male, Form I 
Body subovate in dorsal view, dorsoventrally compressed (Figs. 1.12i, 1.13). 
Abdomen narrower than cephalothorax (11.3 and 13.9 mm); maximum width of carapace 
greater than depth at caudodorsal margin of cervical groove (13.9 and 10.1 mm). Areola 
4 times as long as broad, constituting 38.5% of CL (45.9% of PCL); densely punctate 
with 11 punctations across narrowest part. Rostrum (Fig. 1.12m) with convergent, 
thickened margins extending along acumen to apex; reaching midlength of ultimate 
podomere of antennular peduncle; dorsal surface of rostrum concave and longitudinally 
excavate. Subrostral ridge strong and visible in lateral aspect along length of rostrum to 
base of acumen, then coalescing with rostral ridges and continuing to apex. Postorbital 
ridge short with shallow groove dorsolaterally, terminating cephalically in small corneous 
tubercle. Suborbital angle obtuse, small corneous tubercle on apex; branchiostegal spine 
minute, tuberculiform. Cervical spine represented by small, depressed tubercle. Carapace 
densely punctate dorsally and laterally. Abdomen shorter than carapace (23.9 and 24.8 
mm); pleura long (Fig. 1.12j), subangular caudoventrally and cephaloventrally, with 
acute rounded ventral margins. Cephalic section of telson with 2 spines in each 
caudolateral corner (mesial spines moveable); transverse suture clearly defined. Mesial 
ramus of uropod broadly rounded caudad and with poorly defined submedian ridge 
bearing weak premarginal spine, weak spine present on distolateral corner. Lateral ramus 
of uropod with rounded lobe caudad; poorly defined submedian ridge on proximal 
podomere, transverse suture well defined, distal margin of proximal podomere of both 
lateral rami with 12 small spines and additional smaller tubercles, in addition to these, 
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margin of each podomere with large moveable spine in notch mesial to spine in 
distolateral corner. 
Cephalomedian lobe of epistome (Fig. 1.12k) elliptical with weakly elevated 
(ventrally) margins, surface flat main body with deep fovea, fovea open cephalically nd 
continuous with base of cephalomedian lobe; epistomal zygoma arched and flanked 
cephalolaterally by deep, curved elongate pits. Ventral surface of proximal podomere of 
antennular peduncle with small, acute tubercle at base of distal fourth. Antennal peduncle 
with minute lateral spine on basis, remaining podomeres lacking spines; flagellum 
reaching caudal margin of fourth abdominal tergum; antennal scale (Fig. 1.12h)2 5 times 
as long as wide, broadest at about midlength, distal spine strong and reaching midlenth 
of ultimate podomere of antennular peduncle. Ventral surface of ischium of third 
maxilliped with longitudinal band of stiff setae. 
Right chela (Fig. 1.12e) 2.1 times as long as broad, mesial margin of palm 
occupying 43.1% of its length. Mesial surface of palm without well defined tubercles but 
with single row of 10 low elevations, distal tubercles marked only by punctations; dorsal
and ventral surfaces with large, deep, sparsely placed punctations, lateral surface rounded 
with no suggestion of costa. Fingers moderately gaping, proximal half of opposable 
surface of fixed finger without conspicuous tuft of setae; neither finger with median 
longitudinal ridge on dorsal or ventral surface, each with conspicuous deep punctations; 
opposable margin of fixed finger with row of 9 low tubercles extending from base almost 
to end, eighth from base ventral to tubercle row, single row of minute denticles present 
on same level as tubercle row, running from corneous tip of finger to fifth tubercle from 
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base, from there represented by 1–2 denticles between tubercles along distal half of 
finger; opposable margin of dactyl with row of 10 low tubercles extending from proximal 
third to end of dactyl, fourth tubercle from base displaced ventrally, minute denticles 
forming single row on same level as tubercles, running from tip of dactyl to eighth 
tubercle from base, from there represented by 1–2 denticles between tubercles along 
distal fourth of dactyl. Lateral surface of fixed finger and mesial surface of dactyl 
punctate. 
Carpus of cheliped with oblique furrow dorsally, flanked by sparse punctations; 
mesial surface with single large, squat tubercle; ventral surface with few punctations and 
without tubercles on distal margin. Merus without premarginal tubercles dorsally; ventral 
surfaces of merus and Ischium without spines or tubercles. 
Hook on ischium of third pereopod (Fig. 1.12l) overreaching basioischial 
articulation and opposed by tubercle on basis. Coxa of fourth pereopod with transverse 
ridgelike caudomesial boss disposed vertically; coxa of fifth pereopod without boss, 
ventral membrane sparsely setiferous. 
First pleopods (Fig. 1.212a, b) reaching coxae of third pereopods, symmetrical, 
and with gap between their bases. (See “Diagnosis” for description.) 
 
Allotypic Female 
Excluding secondary sexual characteristics, differing from holotypic male in the 
following respects: Distal spine of antennal scale reaching distal margin of ultimate 
podomere of antennular peduncle. Rostrum reaching proximal base of ultimate podomere 
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of antennular peduncle. Cephalic section of telson with 2 spines in right caudolateral 
corner (mesial spine moveable), left caudolateral corner with one immovable spine. 
Mesial surface of palm without well defined tubercles but with single row of 9 low 
elevations, most marked only by punctations. Fingers weakly gaping; proximal half of
opposable surface of fixed finger of right chela with sparse tuft of setae, that of left chela 
with conspicuous tuft; opposable margin of fixed finger with row of 10 rounded tubercles 
extending from base almost to end, ninth from base ventral to tubercle row, single row of 
minute denticles present on same level as tubercle row running from corneous tip of 
finger to seventh tubercle from base, from there represented by 1–2 denticles betw en 
tubercles along distal third of finger; opposable margin of dactyl with row of 9 rounded 
tubercles extending from base almost to end of dactyl, third tubercle from base displaced 
ventrally, minute denticles forming single row on same level as tubercles, unning from 
tip of dactyl to ninth tubercle from base, from there represented by 1–2 denticles between 
tubercles along distal half.  
Annulus ventralis (Fig. 1.12g) 1.4 times as wide as long, postannular sclerite 
crescent shaped, concave caudad, 3 times as wide as long, width constituting 76.9% of 
annulus width. First pleopods uniramous and reaching midlength of annulus ventralis. 
(See “Diagnosis” for description of annulus ventralis.) 
 
Morphotypic Male, Form II 
Differing from holotype in the following respects: Distal spine of antennal scale 
reaching anterior margin of ultimate podomere of antennular peduncle. Suborbital angle 
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subacute. Ventral surface of ischium of third maxilliped with comparatively sparse, 
longitudinal band of stiff setae. Areola with 9 punctations across narrowest part. Cephalic 
section of telson with 1 immoveable spine in each caudolateral corner. 
Mesial surface of palm of right chela with single row of 9 low elevations, distal 
tubercles marked only by punctations. Fingers weakly gaping; opposable margin of fixed 
finger with row of 9 rounded tubercles extending from base almost to end, distal seventh 
from base ventral to tubercle row, single row of minute denticles present on same level as 
tubercle row running from corneous tip of finger to fifth tubercle from base, from there 
represented by 1–2 denticles between tubercles along distal two-thirds of finger; 
opposable margin of dactyl with row of 9 rounded tubercles extending from base almost 
to end of dactyl, third tubercle from base displaced ventrally, minute denticles forming 
single row on same level as tubercle row running from tip of dactyl to ninth tubercle from 
base, from there represented by 1-2 denticles between tubercles along distal third of 
dactyl. 
Ventrolateral row of merus of cheliped represented by 1 small corneous tubercle 
and ventromesial row consisting of 4 minute tubercles. Ventromesial margin of ischium 
without tubercles. Hook on ischium of third pereopod short, not overreaching basioischial 
articulation, opposed by tubercle on basis. Coxa of fourth pereopod with weakly 
developed caudomesial boss. 
First pleopods (Fig. 1.12c, d) reaching coxae of third pereopods, symmetrical, and 




Base color of carapace light tan, branchiostegites overlain with gray (Fig. 1.13), 
caudal saddle barely extending cephalad from black caudal flange of carapace; 
mandibular adductor regions with anastomosing pattern of tan over white merging with 
similar pattern contiguous to cephalic margin of cervical groove, caudal and median 
gastric area tan and darkening cephalad, rostral ridges orangish or yellowish brown, floor 
of rostrum tan at base darkening to dark brown cephalad and laterally, orbital and 
postorbital ridges dark brown, hepatic region white, and orbital region brown. First 
abdominal tergum bronze, remaining terga light tan with dark brown caudomesial margin
and with lighter pleura, giving impression of faint, dorsomedian stripe on abdomen, both 
podomeres of telson tan, uropods brown, uropods and telson bearing dark golden spines. 
Proximal half of merus of cheliped white with distal one-third tan, carpus with base color 
tan and dorsal groove lighter. Base color of palm of chela of cheliped tan dorsally, 
overlain with pattern of tan, mostly transverse and sublinear splotches, dactylus and 
finger of propodus tan. Ischia of walking legs orange dorsally and laterally, merus and 
carpus of walking legs greenish tan dorsally and laterally, propodus of last three walking 
legs olive or greenish brown and that of first walking leg white, dactylus of first two 




Figure 1.13. Cambarus (H.) Species E form I male from type locality. Photograph courtesy of Guenter A. Schuster. 
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Measurements 
Table 1.5. Standard measurements (mm) of type speceimens of C. Species E. 
    Holotype   Allotype   Morphotype   
        
Chela        
   Depth  10.1  8.1  7.2  
   Width  13.9  11  9.5  
   Total Length  26.2  20.3  18.1  
   Postorbital length  22  17.3  15.5  
Areola        
   Width  2.5  2.4  2.1  
   Length  10.1  7.7  6.7  
Rostrum        
   Width  3  3.3  1.9  
   Length  4.2  2.9  2.6  
Chela        
   Mesial palm length  10.7  6.4  5.7  
   Palm width  11.6  7.4  6.7  
   Lateral margin length  24.8  14.9  13.9  
   Dactyl length  13.6  7.8  7.1  
Abdomen        
   Width  11.3  10.6  8.3  
   Length  22.8  20.7  17.4  




The holotypic male, the allotype, the morphotypic male and paratypes comprising 
material examined will be deposited in the crustacean collection at the Illinois Natural 






Mountain Fork at Old Mountain Fork Road, 2.6 km northeast of New Market, 
Madison County, AL.  
 
Range and Specimens Examined 
This crayfish is known only from the type locality (Fig. 11). I have examined 24 




Given that this species is known from only one locality, it was not surprising that 
no significant variation existed in the available material, however, in some specimens 




The largest specimen available was a form I male with a CL of 26.2 mm (PCL = 
22.0 mm). The smallest form I male available had a CL of 19.4 mm (PCL = 16.2 mm). 
The largest form II male in the collections had a CL of 18.1 mm (PCL = 15.1 mm). The 
largest female in the collections had a CL of 20.6 mm (PCL = 17.3 mm). 
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Life History Notes 
Form I males were collected in April 2006 and 2007. Form II males were 
collected in 2006 but not in 2007; females were collected in 2007 but not in 2006. 
 
Ecological Notes 
At the type locality, this crayfish was associated only with boulder\cobble habitat 
within the riffle and swift run just downstream below the Old Mountain Fork Road 
crossing. It was not collected in the deeper channelized section further downstream, 
where O. validus was the only crayfish collected. 
 
Relationships 
Morphologically this crayfish appears to have affinities with C. longirostris and 
C. Species A. It differs from both of these species in possessing ventrally angular and 
acute abdominal pleura and shorter dactylus length. It differs from C. longirostris in 
having chelae with narrow gape width and longer and wider palms. C. Species E differs 
from C. Species A in having chelae with a longer mesial palm length, possessing a 
shoulder on the caudomesial face of the form I male gonopod, and in lacking a ventral 
rostral spine. This crayfish also appears to belong to Hobbs’ (1981) group of more 
derived Hiaticambarus species.  
 
Crayfish Associates 
This crayfish has been collected with C. (D.) graysoni and O. (G.) validus. 
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Suggested Vernacular Name 
The suggested vernacular name for this crayfish is the Mountain Fork Crayfish, in 
reference the sole known locality and stream from which it is known.  
 
Conservation Status 
Using the methodology used by Taylor et al. 2007, the following conservation 
status rankings are given for this crayfish: E (Endangered), American Fisheries Society 
status; G1, global heritage ranking; and S1, state heritage rankings for Alabama nd 
Tennessee. Criteria for these listings are restricted range and the potential for the 





A NEW CRAYFISH OF THE GENUS CAMBARUS (DECAPODA: 
CAMBARIDAE) FROM THE FLINT RIVER DRAINAGE  
OF ALABAMA AND TENNESSEE, USA 
 
INTRODUCTION 
The existence of one or more undescribed species of crayfish of the subgenus 
Hiaticambarus in northern Alabama and southern Tennessee has been known for ca. 35 
years. Cooper and Hobbs (1980) collected individuals of C. Species D from the Flint 
River drainage and referred to them as Cambarus (Hiaticambarus) sp., but it is unclear 
whether they considered these specimens to represent an undescribed species or if th y 
were unsure of its identity. During fieldwork in 2005 for a study of C. longirostris, an 
undescribed species of the subgenus Hiaticambarus was found in the Flint River 
watershed in Alabama and Tennessee (Fig. 2.1). Specimens were initially found in 
Tennessee and these were later found to be conspecific (in part) with C. (H.) sp. of 
Cooper and Hobbs (1980). Recognition of this undescribed species brought the total 
number of Hiaticambarus species known to occur in this part of Alabama and Tennessee 
to five including C. girardianus, C. longirostris, C. Species A, and C. Species E.  
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Figure 2.1. Collection sites for Cambarus (H.) Species D. 
 
METHODS 
A total of 96 individuals were examined. Crayfish were collected using a 2.5 x 
1.25 m, 3-mm mesh fish seine and by hand. Crayfish were either preserved in 75% 
ethanol or kept live for photography and then preserved.  
Specimens were measured to the nearest 0.1 mm using digital calipers or with a 
Leica MZ6 stereo dissecting microscope fitted with an ocular micrometer. Morphometric 
measurements included total carapace length, rostrum length, chela length, dactyl length, 
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palm length, mesial palm length, palm width, palm thickness, and finger gape width (Fig. 
2.2). Rostrum length was measured from the caudal margin of the orbit to the end of the 
acumen. Postorbital carapace length was calculated as postorbital carapace length = 
carapace length – rostrum length. 
 
Figure 2.2. Morphological measurements. 
 
RECOGNITION OF CAMBARUS SPECIES D 
This putative species differs from other known Hiaticambarus species in 
possessing three characters that apparently are unique in the subgenus: a carina on the 
dorsal surface of the rostrum, a speckled pigmentation pattern, and the presence of an 
enlarged tubercle on the opposable margin of the base of the dactyl. The carina is reduced 
or absent in some individuals (≤ 20%), but the species can still be diagnosed by 
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pigmentation and tuberculation of the dactyl of the chela. Regarding pigmentation 
pattern, a saddle is present at the caudal margin of the carapace and a second, diffuse 
saddle is present in many individuals just caudad to the cervical groove and extending 
cephaloventrally along the sides of the carapace, formed by the coalescence of darker 
speckling over a lighter pigmented carapace (Fig. 2.3). The opposable margin of the 
dactyl of the chela bears a conspicuously enlarged tubercle, usually the second from the 
base, that is much larger than the other tubercles along the opposable margin (Fig. 2.4). 
Given these unique characters in comparison to other members of the subgenus, 




Figure 2.3. Pigmentation patterns for: a, C. Species D; b, C. Species A; c, C. Species E; d, C. longirostris. Photograph c 




Figure 2.4. Right chela of form I male for: a, C. Species D; b, C. Species A; c, C. Species E; d, C. longirostris. 
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SPECIES DESCRIPTION 
Cambarus (Hiaticambarus) Species D, New Species 
 
Cambarus (Hiaticambarus) sp. – Cooper and Hobbs, 1980:17, 23 
 
Diagnosis 
Body and eyes pigmented. Rostrum lacking marginal spines or tubercles; margins 
thickened and strongly tapering; concave dorsally and excavate longitudinally; 
terminating in long, evenly tapering acumen; length constituting 14.5–18.5% (x  = 
16.9%, n = 88, SD = 0.01) of CL. Acumen slightly more convergent than rostrum and 
terminating in small dorsally directed corneous tubercle; usually with shortmedian carina 
but sometimes without (n = 72, n = 20); length constituting 32.3–56.0% (x  = 39.0%, n = 
88, SD = 0.05) of rostrum length. Carapace subovate and compressed dorsoventrally. 
Areola length constituting 34.3–38.3% (x  = 36.1%, n = 90, SD = 0.01) of CL and 41.6–
46.1% (x  = 43.4%, n = 87, SD = 0.01) of PCL. Areola 2.3–3.2 (x  = 2.7, n = 91, SD = 
0.2) times as long as wide, punctate, branchiocardial grooves parallel or subparallel, with 
7–12 (modes = 9, 10, n = 91) punctations across midlength. Postorbital carapace length 
81.4–85.6% (x  = 83.1%, n = 79, SD = 0.01) of CL. Postorbital ridge terminating 
cephalically in small, corneous, anterodorsally directed tubercle, reduced or absent in 
abraded, late intermolt individuals. Cervical spine reduced to small flattened ub rcle, 
sometimes flanked by 1–2 smaller flattened tubercles. Hepatic spine absent; 
branchiostegal spine reduced to diminutive corneous tubercle. Suborbital angle acute, 
bearing corneous tubercle on apex. Antennal scale widest at or near midlength, 2.1–2.9 
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( x  = 2.5, n = 92, SD = 0.16) times as long as wide, lateral margin thickened and 
terminating distally in long corneous spine; mesial margin of lamella subparallel to lateral 
margin, sharply angling to distal margin. Basis of antennal peduncle with minute 
distolateral corneous tubercle; ischium of peduncle without ventral spine or tubercle. 
Cephalomedian lobe of epistome subtriangular; epistomal zygoma moderately a ched. 
Chela with widely gaping fingers, with conspicuous tuft of setae along opposable base of 
fixed finger and sparser setation along base of opposable margin of dactyl; latera  margin 
of propodus rounded and without costa, lacking impression at base of fixed finger; dorsal 
and ventral surfaces of fingers without longitudinal ridges. Opposable margins of fixed 
finger and dactyl with stout, rounded tubercles; second tubercle from base of dactyl 
conspicuously larger than others; distal end of fixed finger with tubercle ventral to 
tubercle row. Chela with single row of 6–9 (mode = 8, n = 77) strongly depressed 
tubercles along mesial margin of palm, barely evident in silhouette, distal tubercles 
usually marked only by punctation, without part of second row dorsolaterally. Palm of 
chela 1.4–1.8 (x  = 1.6, n = 80, SD = 0.06) times as wide as deep and 1.2–1.6 (x  = 1.3, n 
= 80, SD = 0.07) times as wide as length of mesial margin of palm. Fixed finger and 
dactyl relatively long, dactyl 1.4–1.7 (x  = 1.5, n = 78, SD = 0.06) times length of mesial 
margin of palm. Hook on ischium of third pereopod of males, large and overreaching 
basioischial articulation in form I males, weakly developed and not overreaching 
articulation in form II males, hook opposed by small tubercle on basis. Coxa of fourth 
pereopod of males with caudomesial boss. Pleura of third through fifth abdominal 
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segments with weakly oblique cephaloventral margin, angular caudoventrally, ventrally 
obtuse and broadly rounded.  
First pleopods of form I male symmetrical and either contiguous or separated 
basally; distal half of appendage angled cephalically to proximal half at ngle of about 17 
degrees; both terminal elements moderately short but extending past greatest width of 
appendage; central projection corneous, bladelike, not tapering, recurved at about 135 
degrees to distal portion of appendage, with distinct subapical notch directed proximally; 
mesial process inflated, membranous, with inflated tip disposed at about right angle o 
shaft of appendage and slightly laterally. First pleopod of form II male diff rs from that 
of form I male in the following respects: pleopods separated basally; central projection 
bulbous and not corneous, lacking subapical notch; juvenile suture present on basal third 
of appendage. Annulus ventralis 1.3–1.6 times as wide as long (x  = 1.5, n = 35, SD = 
0.08), shallowly embedded and barely moveable, asymmetrical, caudodextral wall 
convex, caudosinistral wall subangular; cephalic area less sclerotized than caudal area; 
cephalic area with caudally diverging ridges flanking longitudinal trough; trough 
deepening caudad, sinus originating under caudal end of sinistral ridge, following reverse 
S-shaped course before terminating on end of midcaudal wall; sinistrally directed tongue 
arising from dextral half of annulus and deeply inserted into sinus. Postannular sclerite
trapezoidal, about 3 times as wide as long, two–fifths as long as annulus, and three–
quarters as wide as annulus. First pleopod uniramous and reaching fossa of annulus 
ventralis when abdomen is flexed.  
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Figure 2.5. – Cambarus (Hiaticambarus) Species D (all from holotype except c, d from morphotype, and g
from allotype): a, c, mesial view of first pleopods; b, d, lateral view of first pleopods; e, dorsal view of 
distal podomeres of cheliped; f, caudoventral view of first pleopods; g, ventral view of annulus ventralis; h,
dorsal view of antennal scale; i, lateral view of carapace; j, lateral view of abdomen; k, dorsal view of 
rostrum showing carina on acumen; l, ischium and basis of third pereiopod; m, ventral view of epistome. 
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Holotypic Male, Form I 
Body subovate in dorsal view, dorsoventrally compressed (Fig. 2.5i, 2.6). 
Abdomen narrower than cephalothorax (8.2 and 10.1 mm); maximum width of carapace 
greater than depth at caudodorsal margin of cervical groove (10.1 and 6.4 mm). Areola 
2.9 times as long as broad, constituting 36.9% of CL (44.7% of PCL); densely punctate 
with 11 punctations across narrowest part. Rostrum (Fig. 2.5k) with convergent, 
thickened margins extending along acumen to apex; reaching midlength of ultimate 
podomere of antennular peduncle; dorsal surface of rostrum concave and longitudinally 
excavate, with conspicuous punctations in basal region. Subrostral ridge strong and 
visible in lateral aspect along length of rostrum to base of acumen, then coalescing with 
rostral ridges and continuing to apex; acumen with ellipsoidal carina. Postorbital ridge 
with shallow groove dorsolaterally, without corneous tubercles. Suborbital angle acute, 
small corneous tubercle on apex; branchiostegal spine minute, tuberculiform. Cervical 
spine represented by minute depressed tubercle. Carapace densely punctate dorsally and 
laterally, median gastric area sparsely punctate; orbital and hepatic areas with few 
squamous tubercles. Abdomen shorter than carapace (18.4 and 19.5 mm). Pleura (Fig. 
2.5j) subangular caudoventrally, cephaloventral margins obliquely rounded, ventral 
margins obtuse and rounded. Cephalic section of telson with 2 spines in each caudolateral 
corner (mesial spines moveable); transverse suture clearly defined. Mesial ramus of 
uropod broadly rounded caudad and with poorly defined submedian ridge bearing weak 
premarginal spine, weak spine present on distolateral corner. Lateral ramus of uropod 
with rounded lobe caudad; poorly defined submedian ridge on proximal podomere, 
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transverse suture well defined, distal margin of proximal podomere of each ramus 
bearing 8 spines along caudal margin and with large moveable spine in caudolateral 
notch. 
Cephalomedian lobe of epistome (Fig. 2.5m) subtriangular with weakly elevated 
(ventrally) margins, surface flat; main body with small, moderately deep fovea and 
arched epistomal zygoma, latter flanked anteroventrally by deep ovate pits. Ven ral 
surface of proximal podomere of antennular peduncle with small, acute tubercle at base 
of distal fifth. Antennal peduncle with minute lateral spine on basis, remaining 
podomeres lacking spines; flagella broken; antennal scale (Fig. 2.5h) 2.6 times as long
wide, broadest at about midlength, distal spine strong and reaching distal margin of 
ultimate podomere of antennular peduncle. Ventral surface of ischium of third maxilliped 
with broad, dense, longitudinal band of plumose setae. 
Right chela (Fig. 2.5e) 2.1 times as long as broad, mesial margin of palm 
occupying 36.1% of its length. Mesial surface of palm without well defined tubercles but 
with single row of 9 low elevations including small rounded tubercle at proximal base of 
mesial row, distal tubercles marked only by punctations; dorsal and ventral surface with 
large, deep punctations; lateral surface rounded with no costa. Fingers widely gaping, 
proximal half of opposable margin of fixed finger with conspicuous tuft of setae on 
dorsal and ventral surfaces; neither finger with median longitudinal ridge on dorsal or 
ventral surface, each with conspicuous deep punctations; opposable margin of fixed 
finger with row of 7 rounded tubercles extending from base to distal fifth, sixth from base 
enlarged and ventral to tubercle row, band of minute denticles present on same level as 
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tubercle row, running from corneous tip of finger to enlarged ventral tubercle, from there 
interrupted by tubercles and continuing to proximal third of finger; opposable margin of 
dactyl with row of 6 rounded tubercles extending from proximal third to distal fifth of 
dactyl, second tubercle from base conspicuously larger than other tubercles, minute 
denticles forming band on same level as tubercles, running from corneous tip of finger to 
third tubercle from base, from there interrupted by tubercles, continuing along proximal 
fourth. Lateral surface of fixed finger and mesial surface of dactyl punctate. 
Carpus of cheliped with oblique furrow dorsally, dorsal surface with sparse 
punctations; mesial surface with single large, squat, spikelike tubercle distally and 
smaller tubercle proximally; ventral surface with few punctations and with 
subtuberculiform thickening on middistal margin. Merus with one squamous premarginal 
tubercle dorsally; ventrolateral row represented by 2 tubercles and ventromesial row 
consisting of 5, distal tubercle of each row squat and spikelike, remaining tubercles low, 
rounded, and reduced in size. Ventromesial margin of ischium without tubercles. Hook 
on ischium of third pereopod (Fig. 2.5l) overreaching basioischial articulation and 
opposed by tubercle on basis. Coxa of fourth pereopod with transverse ridgelike 
caudomesial boss disposed vertically; coxa of fifth pereopod without boss, ventral 
membrane sparsely setiferous. 
First pleopods (Fig. 2.5a, b, f) reaching coxae of third pereopods, symmetrical, 




Excluding secondary sexual characteristics, differing from holotypic male in the 
following respects: Abdomen narrower than cephalothorax (9.3 and 9.7 mm); maximum 
width of carapace greater than depth at caudodorsal margin of cervical groove(9.7 and 
7.9 mm). Areola 2.7 times as long as broad, constituting 37.2% of CL (44.1% of PCL); 
densely punctate with 12 punctations across narrowest part. Rostrum reaching midlength 
of ultimate podomere of antennular peduncle. Abdomen shorter than carapace (18.5 and 
19.1 mm). Cephalic section of telson with 2 spines in each caudolateral corner (mesial 
spines moveable). Antennal flagella reaching cephalic margin of third abdominal tergum. 
Antennal scale 2.4 times as long as wide. 
Right chela 2.0 times as long as broad, mesial margin of palm occupying 42.9% 
of its length. Mesial surface of palm without well-defined tubercles but with single row 
of 7 low elevations, distal elevations marked only by punctations. Fingers moderately 
gaping; opposable margin of fixed finger with row of 7 rounded tubercles extending from 
base to distal third, sixth from base enlarged and ventral to tubercle row; opposable 
margin of dactyl with row of 6 rounded tubercles extending from base to distal third. 
Annulus ventralis (Fig. 2.5g) 1.5 times as wide as long. Postannular sclerite 
trapezoidal, 2.8 times as wide as long, width constituting 73.3% of annulus width. First 
pleopods uniramous and reaching midlength of annulus ventralis. (See “Diagnosis” for 
description of annulus ventralis.) 
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Morphotypic Male, Form II 
Excluding secondary sexual characteristics, differing from holotypic male in the 
following respects: Main body of epistome with small, poorly defined fovea. Dactyl of 
right chela with minute denticles forming band on same level as tubercles, running from 
corneous tip of finger to second tubercle from base.  
Carpus of cheliped with single large, squat, spikelike tubercle distally and without 
smaller tubercle proximally; ventral surface with few punctations and with 
subtuberculiform thickening on middistal margin. Ventromesial row of merus represented 
by 5 tubercles. Hook on ischium of third pereopod weak and not overreaching 
basioischial articulation and not opposed by tubercle on basis. Coxa of fourth pereopod 
without transverse ridgelike caudomesial boss disposed vertically. 
First pleopods (Fig. 2.5c, d) reaching coxae of third pereopods, symmetrical, and 
with gap between their bases. (See “Diagnosis” for description.) 
 
Color Notes 
Base color of carapace light tan, carapace almost completely covered dorsally and 
dorsolaterally with dense tan or rust colored mottling and speckling (Fig. 2.6), caudal 
saddle extending cephalad along lateral carapace from dark brown caudal flange of 
carapace, thoracic section of carapace with tan or rust mottling anterolaterally forming 
diffuse anterior saddle; mandibular adductor regions obscured by mottling, median 
gastric area same mottled pattern, rostral ridges golden or brown, floor of rostrum 
darkening to dark brown cephalad, orbital and postorbital ridges tan or rust, hepatic and 
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orbital regions with mottled pattern; first abdominal tergum light brown with darker 
brown mottling or speckling, remaining terga with white base color and with scattered 
brown mottling; proximal podomere of telson white, distal podomere gray, uropods gray, 
uropods and telson with brown mottling and bearing orange spines. Basal podomeres of 
walking legs with white base color, ischia of last two walking legs with brown mottling 
dorsally, merus and carpus of each walking leg brown dorsally and laterally, propodus 
and dactylus of each walking leg bluish olive with brown mottling, and joints of walking 
legs with light orange or peach pigmentation. Merus of cheliped white with distal one-
fifth mottled brown, mottling extending onto carpus with lighter golden base color. Palm 
of chela of cheliped light golden colored dorsally, overlain with anastomosing pattern of 
brown, dactylus and finger of propodus brown, olive distally with light orange tips, ridge 




Figure 2.6. Cambarus (H.) Species D form I male from type locality. 
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Measurements 
Table 2.1. Standard measurements (mm) of type specimens of C. Species D. 
    Holotype   Allotype   Morphotype   
        
Carapace        
   Depth  6.4  7.9  7.3  
   Width  10.1  9.7  9.9  
   Total Length  19.5  19.1  19.0  
   Postorbital length  16.1  16.1  16.0  
Areola        
   Width  2.5  2.6  2.5  
   Length  7.2  7.1  7.1  
Rostrum        
   Width  2.4  2.5  2.3  
   Length  3.4  3.0  3.0  
Chela        
   Mesial palm length  6.5  5.2  6.2  
   Palm width  8.4  9.7  7.9  
   Lateral margin length  18.0  13.7  16.2  
   Dactyl length  10.7  7.8  9.3  
Abdomen        
   Width  8.2  9.3  7.6  
   Length  18.4  18.5  17.1  




The holotypic male, the allotype, the morphotypic male and paratypes comprising 
material examined will be deposited in the crustacean collection at the Illinois Natural 




Fowler Creek at Elkwood Section Road, 1.5 km W of junction with US 231/431, 
north of Fisk, AL.  
 
Range and Specimens Examined 
This crayfish is known only from the Flint River drainage of Alabama and 
Tennessee (Fig. 2.1). I have examined 96 specimens from the following localities. 
ALABAMA. Madison County: (1) Type-locality, 7♂I, 2♂II, 3♀, 19 Apr. 2007, DRJ, 
GAS; 13♂, 28♀, 23 Oct. 2005, DRJ, GAS; (2) Flint River at Bobo Section Road, east of 
Fisk, AL, 4♂, 2j♂, 1j♀, 14 Apr. 2007, DRJ, GAS. TENNESSEE. Lincoln Conuty: (3) 
Flint River at State Route 275, about 3.3 akm SW of Flintville, 6♂I 24 Apr. 2006, DRJ, 
RCH; (4) Mule Pen Creek at Mason Road southeast of Flintville, 4♂II 2♀OV, 13 May 
2005, DRJ, RCH, P.R. Hollinsworth (PRH); (5) Mule Pen Creek at Wells – Lee Road, 
about 1 akm southeast of Flintville, 13♂II, 1♀, 13 May 2005, DRJ, RCH, PRH; (6) 
Campers Branch at State Route 275, about 4 akm southeast of Belleview, 1♂I, 8♂II, 1♀, 
13 May 2005, DRJ, RCH, PRH. 
 
Variations 
Some slight variation was noticed in the material available, none of which was 
correlated with geography or carapace length. In a few individuals the acumen was wide 
and short, so that the acumen appeared constricted instead of evenly tapering. In about
20% of the material examined, the rostral carina was reduced or not apparent. In most
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individuals the suborbital angle was acute, but in a few it was subacute. The bases of the 
gonopods in form I males were normally separated, but in about 25% of the specimens 
examined, they were contiguous. In a handful of individuals the dorsal carapace saddles
were very faint but still discernable. In some specimens structure and orietation of the 
annulus ventralis was a mirror image of the description in the diagnosis. 
 
Size 
The largest specimen available was a form I male with a CL of 21.7 mm (PCL = 
18.3 mm). The smallest form I male available had a CL of 13.6 mm (PCL = 11.1 mm). 
The largest form II male in the collections had a CL of 20.1 mm (PCL = 17.0 mm). The 
largest female in the collections had a CL of 20.2 mm (PCL = 17.1 mm). 
 
Life History Notes 
Collections were available for only three months of the year: April, May, and 
October. Form I males were found in collections in each of those months, but were 
represented by only one individual in May collections. Form II males were found in each 
month, but were represented by only two individuals in the April collections. Ovigerous 
females (n = 2) were found only in May.  
 
Ecological Notes 
This crayfish appeared to be an inhabitant of moderate to swiftly flowing sections 
of streams, and was not collected in pools or slack water during this study. Like other 
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Hiaticambarus species that prefer swift flowing water, this species appeared to prefer a 
streambed of clean coarse sand and gravel, overlain with layered cobble and small 
boulder sized stones. This species inhabits the interstices of these habitats, and can reach 
high densities. In riffles at the type locality, it was possible to collect 30 – 4  individuals 
per m2.  
 
Relationships 
The relationships of this crayfish with other species of the subgenus are unclear. It 
has some morphologic affinities with the group of species containing C. longirostris, C. 
longulus, and C. manningi. These affinities include a rostrum without marginal spines 
and an overall shorter, more robust chela. However, the opposable margins of both the 
dactyl and the fixed finger bear well developed, elevated tubercles, whereas those of C. 
longirostris, C. longulus, and C. manningi bear low, flattened tubercles that are scarcely, 
if at all, elevated.  
 
Crayfish Associates 
This crayfish has been collected with C. graysoni, O. cooperi, and O. mirus. 
 
Suggested Vernacular Name 





Using the methodology used by Taylor et al. 2007, the following conservation 
status rankings are given for this crayfish: E (Endangered), American Fisheries Society 
status; G1, global heritage ranking; and S1, state heritage rankings for Alabama nd 
Tennessee. Criteria for these listings are restricted range and the potential for the 





A NEW CRAYFISH OF THE GENUS CAMBARUS (DECAPODA: 
CAMBARIDAE) FROM THE UPPER SAVANNAH RIVER  
SYSTEM IN SOUTH CAROLINA, USA 
 
INTRODUCTION 
To my knowledge the crayfish species treated herein was first recognized by Dr. 
Rudolph Prins of the Department of Entomology and Zoology at Clemson University in 
the middle 1960s. Initially Dr. Prins thought it was an undescribed species, an opinion 
shared with Dr. Horton Hobbs, in part based upon pigmentation. The distal third to one 
half of the fingers of the chelae in the species are white and both researchers initially 
thought this was unique. However, Dr. Hobbs subsequently decided that the species was 
a variant of Cambarus longirostris, based in part on similar chela pigmentation patterns 
in populations of C. longirostris in the Tennessee River drainage (Rudolph Prins, pers. 
comm.). 
The decision to consider the species a variant of C. longirostris was based on an 
incomplete understanding of C. longirostris, particularly the status of southern 
populations. Hobbs (1969) was probably influenced by James’ (1966) study of C. 
longirostris, in which he unknowingly included populations of C. girardianus (Hiwassee 
River specimens). Many populations of C. girardianus and some of C. longirostris in the 
Tennessee River drainage have chelae with white or other light pigment tipped fing rs, 
including C. girardianus populations from the Hiwassee River drainage. However, C. 
Species B is morphologically more similar to C. girardianus than to C. longirostris, and 
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the decision to consider C. Species B conspecific with C. longirostris must have been 
based in part on comparison to specimens of C. girardianus. Thereafter Hobbs (1969, 
1974, 1989) considered this species to represent bait bucket introductions of C. 
longirostris from the Tennessee River drainage. However, after completing a systematic 
study of the southern populations of C. longirostris, I conclude that Dr. Prins was correct 
in recognizing this crayfish as a new species of the subgenus Hiaticambarus. 
This species clearly has morphological affinities with what Hobbs (1981) 
considered the most generalized species of the subgenus Hiaticambarus: C. fasciatus, C. 
girardianus, and C. speciosus. It shares with these species a chela form characterized by 
the combination of fingers that are relatively long in comparison to chela palm length, 
widely gaping fingers, a row of pronounced tubercles along the mesial margin of the 
palm, costate lateral chela margin, dorsal and ventral impressions at the base of the fixed 
finger, dorsal surfaces of the fingers with strong dorsal longitudinal ridges, and opposable 
margins of fingers with large tubercles. Despite the similarity in chela shape, C. Species 
B can be distinguished by rostrum shape, development of the suborbital angle, and 
presence of first pleopods in females. In C. Species B, some populations of C. 
girardianus, and in C. speciosus, the rostrum tapers evenly to the end and the acumen is 
not marked by notches or spines, but in C. fasciatus the rostrum has both. In C. Species 
B, the suborbital angle is obtuse, whereas in the other three species it is acute. Finally, 
females of C. Species B have a pair of pleopods on the first abdominal segment, but 
females of C. fasciatus do not. 
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I am unaware of any occurrence of the species outside of the upper Savannah 
River drainage in Oconee and Pickens counties, South Carolina (Fig. 3.1). I have 
collected C. Species B at only four of nine historical and contemporary collection sites. 
All but one of the collection sites are in the Keowee River drainage; C. Species B is also 
known from one site in the Chauga River in Oconee County. The impoundment of the 
Keowee River to form Lake Jocassee in the 1970s inundated three historical sites and 
possibly much of the suitable habitat for this species in the watershed. Given the 
occurrence of C. Species B in the lower Chauga River, it is possible that impoundment of 
the Seneca and Tugaloo rivers to form Lake Hartwell resulted in a significant loss of 
suitable habitat for the species. 
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Figure 3.1. Collection sites for Cambarus (H.) Species B. 
 
METHODS 
A total of 32 individuals were examined. Crayfish were collected using a 2.5 x 
1.25 m, 3-mm mesh fish seine and by hand. Crayfish were either preserved in 75% 
ethanol or kept live for photography and then preserved.  
Specimens were measured to the nearest 0.1 mm using digital calipers or with a 
Leica MZ6 stereo dissecting microscope fitted with an ocular micrometer. Morphometric 
measurements included total carapace length, rostrum length, chela length, dactyl length, 
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palm length, mesial palm length, palm width, palm thickness, and finger gape width (Fig. 
3.2). Rostrum length was measured from the caudal margin of the orbit to the end of the 
acumen. Postorbital carapace length was calculated as postorbital carapace length = 
carapace length – rostrum length. 
 




Cambarus (Hiaticambarus) Species B, New Species 
  
Cambarus (Hiaticambarus) longirostris –Hobbs, 1969:140,142; 1989:19 (in part) 
 
Diagnosis 
Body and eyes pigmented. Rostrum lacking marginal spines or tubercles; margins 
thickened and strongly tapering; concave dorsally; terminating in evenly tapering 
acumen; length constituting 15.5–20.6% (x = 18.0%, n = 32, SD = 0.01) of CL. Acumen 
terminating in large dorsally directed corneous tubercle; length constituting 40.0–54.5% 
( x  = 46.9%, n = 32, SD = 0.03) of rostrum length. Carapace subovate and compressed 
dorsoventrally. Areola length constituting 30.3–38.0% (x  = 36.0%, n = 32, SD = 0.01) 
of CL and 37.4–46.0% (x  = 43.9%, n = 32, SD = 0.01) of PCL. Areola 3.1–4.3 (x  = 3.6, 
n = 32, SD = 0.3) times as long as wide, punctate, branchiocardial grooves parallel or 
subparallel, with 15–21 (mode = 19, n = 91) punctations across midlength. Postorbital 
carapace length 79.4–84.5% (x  = 82.0%, n = 32, SD = 0.01) of CL. Postorbital ridge 
terminating cephalically in large, corneous, cephalically directed tubercle. Cervical spine 
represented by squat tubercle, flanked by 1–2 smaller similar tubercles. Hepatic spines 
absent; branchiostegal spine reduced to small corneous tubercle. Suborbital angle obtuse, 
bearing corneous tubercle on apex. Antennal scale widest at or near midlength, 2.7–3.1 
( x  = 2.9, n = 31, SD = 0.11) times as long as wide, lateral margin thickened and 
terminating distally in long corneous spine; mesial margin of lamella subparallel to lateral 
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margin, sharply angling to distal margin. Basis of antennal peduncle with distolateral 
spine; ischium of peduncle with ventral spine. Cephalomedian lobe of epistome 
subtriangular or semi-circular; epistomal zygoma moderately arched. Chela with widely 
gaping fingers, without conspicuous tuft of setae along opposable base of fixed finger but 
sometimes with sparser setation along base of opposable margin of dactyl; lateral margin 
of propodus with costa, and with impression at base of fixed finger; dorsal and ventral 
surfaces of fingers with longitudinal ridges. Opposable margins of fixed finger and dactyl 
with heavy, rounded tubercles; distal end of fixed finger with tubercle ventral to tubercle 
row. Chela with single row of 7–8 (mode = 8, n = 24) strong tubercles along mesial 
margin of palm, with punctate second row dorsolaterally. Palm of chela 1.5–1.9 (x  = 1.7, 
n = 24, SD = 0.08) times as wide as deep and 1.2–1.4 (x  = 1.3, n = 24, SD = 0.05) times 
as wide as length of mesial margin of palm. Fixed finger and dactyl relatively long, 
dactyl 1.8–2.0 (x  = 1.9, n = 24, SD = 0.07) times length of mesial margin of palm. Hook 
on ischium of third pereopod of males, large and overreaching basioischial articulation in 
form I males, weakly developed and not overreaching articulation in form II males, hook 
opposed by small tubercle on basis. Coxa of fourth pereopod of males with caudomesial 
boss. Pleura of third through fifth abdominal segments with rounded cephaloventral 
margin, caudoventral margin angular. 
First pleopods of form I male symmetrical and either contiguous or separated 
basally; distal half of appendage angled cephalically to proximal half; both terminal 
elements moderately short but extending past greatest width of appendage; central 
projection corneous, bladelike, not tapering, recurved at about 130 degrees to distal 
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portion of appendage, with distinct subapical notch directed proximally; mesial process 
inflated, membranous, with inflated tip disposed at about right angle to shaft of 
appendage. First pleopod of form II male differs from that of form I male in the following 
respects: pleopods separated basally; central projection bulbous and not corneous, lacking 
subapical notch; juvenile suture present on basal third of appendage. Annulus ventralis 
1.4 times as wide as long (x  = 1.4, n = 12, SD = 0.01), shallowly embedded and barely 
moveable, symmetrical, caudodextral wall convex, caudosinistral wall subangular; 
cephalic area less sclerotized than caudal area; cephalic area with cudally diverging 
ridges flanking shallow longitudinal trough; trough deepening caudad, sinus originatin  
under caudal end of sinistral ridge, following U-shaped course before terminating on end 
of midcaudal wall; sinistrally directed tongue arising from dextral half of annulus and 
deeply inserted into sinus. Postannular sclerite trapezoidal, 3.2 times as wide aslong, 2.4 
times as long as annulus, and 1.5 as wide as annulus. First pleopod uniramous and 
reaching fossa of annulus ventralis when abdomen is flexed.  
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Figure 3.3. – Cambarus (Hiaticambarus) Species B (all from holotype except c, d from morphotype, and g
from allotype): a, c, mesial view of first pleopods; b, d, lateral view of first pleopods; e, dorsal view of 
distal podomeres of cheliped; f, caudoventral view of first pleopods; g, ventral view of annulus ventralis; h,
dorsal view of antennal scale; i, lateral view of carapace; j, dorsal view of carapace; k, dorsal view of 
rostrum; l, ventral view of epistome. 
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Holotypic Male, Form I 
Body subovate in dorsal view, dorsoventrally compressed (Fig. 3.3j). Abdomen 
narrower than cephalothorax (15.0 and 19.0 mm); maximum width of carapace greater 
than depth at caudodorsal margin of cervical groove (19.0 and 12.2 mm). Areola 3.6 
times as long as broad, constituting 38.0% of CL (45.1% of PCL); densely punctate with 
17 punctations across narrowest part. Rostrum (Fig. 3.3k) with convergent, thickened 
margins extending along acumen to apex; reaching basal margin of ultimate podomere of 
antennular peduncle; dorsal surface of rostrum concave, with punctations forming 
irregular transverse striae. Subrostral ridge strong and visible in lateral spect along 
length of rostrum to base of acumen, then coalescing with rostral ridges and continuing to 
apex. Postorbital ridge with shallow groove dorsolaterally, with cephalically directed 
spine. Suborbital angle obtuse, corneous tubercle on apex; branchiostegal spine small. 
Cervical spine represented by heavy tubercle. Carapace granulate and hirsute laterally, 
densely punctate dorsally, median gastric area sparsely punctate; orbital and hepatic areas 
with low, heavy tubercles. Abdomen shorter than carapace (31.7 and 34.2 mm). Pleura 
with cephaloventral margins angular. Cephalic section of telson with 2 spines in each 
caudolateral corner (mesial spines moveable); transverse suture clearly defined. Mesial 
ramus of uropod broadly rounded caudad and with submedian ridge bearing premarginal 
spine, spine present on distolateral corner. Lateral ramus of uropod with rounded lobe 
caudad; defined submedian ridge on proximal podomere, transverse suture well defined, 
distal margin of proximal podomere of left ramus bearing 13 spines along caudal margin, 
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that of right ramus with 15 spines, each lateral ramus with large moveable spine in 
caudolateral notch. 
Cephalomedian lobe of epistome (Fig. 3.3l) subtriangular with weakly elevated 
(ventrally) margins; main body with deep fovea and arched epistomal zygoma, latter 
flanked anteroventrally by deep pits. Ventral surface of proximal podomere of antennular 
peduncle with strong spine at base of distal fifth. Antennal peduncle with lateral spine on 
basis, ischium with heavy ventral spine, remaining podomeres lacking spines; flaglla 
broken; antennal scale (Fig. 3.3h) 3.0 times as long as wide, broadest at about midlength, 
distal spine strong and reaching distal margin of ultimate podomere of antennular 
peduncle.  
Right chela (Fig. 3.3e) 2.2 times as long as broad, mesial margin of palm 
occupying 31.3% of its length. Mesial surface of palm with single row of 7 well defined 
tubercles, dorsal and ventral surfaces with large, deep punctations; lateral surface with 
dorsal and ventral impressions and with costa extending from proximal half of chela to 
end. Fingers widely gaping, proximal half of opposable margin of fixed finger without 
conspicuous tuft of setae on dorsal and ventral surfaces; fixed finger with strong median 
longitudinal ridge on dorsal surface, dactyl with weaker dorsal longitudinal ridge, each 
finger with conspicuous deep punctations; opposable margin of fixed finger with row of 
11 rounded tubercles extending from base to distal fifth, ninth from base enlarged and 
ventral to tubercle row, band of minute denticles present on same level as tubercle row, 
running from corneous tip of finger to enlarged ventral tubercle, from there interrupted by 
tubercles and continuing to proximal third of finger; opposable margin of dactyl with row 
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of 6 rounded tubercles extending from proximal third to distal fifth of dactyl, minute 
denticles forming band on same level as tubercles, running from corneous tip of finger to 
sixth tubercle from base. 
Carpus of cheliped with wide oblique furrow dorsally, dorsal surface with sparse 
punctations; mesial surface with single large, squat, spikelike tubercle distally and 
smaller tubercle proximally; ventral surface with few punctations and with strong spine 
on middistal margin. Merus with two premarginal spines dorsally; ventrolatera  row 
represented by 2 spines and ventromesial row consisting of 6. Ventromesial margin of 
ischium with 1 tubercle. Hook on ischium of third pereopod overreaching basioischial 
articulation and opposed by tubercle on basis. Coxa of fourth pereopod with transverse 
ridgelike caudomesial boss disposed vertically; coxa of fifth pereopod without boss, 
ventral membrane sparsely setiferous. 
First pleopods (Fig. 3.3a, b, f) reaching coxae of third pereopods, symmetrical, 
and with gap between their bases. (See “Diagnosis” for description.) 
 
Allotypic Female 
Excluding secondary sexual characteristics, differing from holotypic male in the 
following respects: Abdomen narrower than cephalothorax (15.6 and 16.4 mm); 
maximum width of carapace greater than depth at caudodorsal margin of cervical groove 
(16.4 and 11.5 mm). Areola 3.3 times as long as broad, constituting 36.3% of CL (44.0% 
of PCL); densely punctate with 19 punctations across narrowest part. Rostrum reaching 
midlength of ultimate podomere of antennular peduncle. Abdomen shorter than carapace 
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(29.4 and 30.3 mm). Distal margin of proximal podomere of left lateral ramus of 
uropodwith 13 spines, that of right lateral ramus with 11 spines, both lateral rami with 
heavy moveable spine in caudolateral notch. Antennal flagella reaching caudal margin of 
fourth abdominal tergum. Antennal scale 2.9 times as long as wide. 
Right chela 2.3 times as long as broad, mesial margin of palm occupying 32.0% 
of its length. Fingers moderately gaping; opposable margin of fixed finger with ow of 9 
rounded tubercles extending from base to distal third, eighth from base enlarged and 
ventral to tubercle row; opposable margin of dactyl with row of 10 rounded tubercles 
extending from base to distal third. 
Annulus ventralis (Fig. 3.3g) 1.9 times as wide as long. Postannular sclerite 
trapezoidal, 3.2 times as wide as long, width constituting 68.6% of annulus width. First 
pleopods uniramous and reaching midlength of annulus ventralis. (See “Diagnosis” for 
description of annulus ventralis.) 
 
Morphotypic Male, Form II 
Excluding secondary sexual characteristics, differing from holotypic male in the 
following respects: Distal margin of proximal podomere of left lateral ramus of uropod 
with 10 spines, that of right lateral ramus with 13 spines. 
Right chela 2.4 times as long as broad, mesial margin occupying 32.3% of its 
length, fingers weakly gaping. Hook on ischium of third pereopod weak and not 
overreaching basioischial articulation and not opposed by tubercle on basis. Coxa of 
fourth pereopod without transverse ridgelike caudomesial boss disposed vertically. 
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First pleopods (Fig. 3.3c, d) reaching coxae of third pereopods, symmetrical, and 
with gap between their bases. (See “Diagnosis” for description.) 
 
Color Notes 
Base color of carapace buckskin or light tan, cervical groove with black band 
becoming diffuse at edges; mandibular adductor regions with anastomosing pattern of 
brown pigment over tan, caudal and median gastric area light tan, rostral ridges yellow, 
floor of rostrum dark brown, orbital and postorbital ridges dark tan, hepatic and orbital 
regions tan with white or pink tubercles. First abdominal tergum dark brown or brownish 
green, remaining terga light tan with lighter tan spot on pleura, both podomeres of telson 
and uropods tan with orange or pinkish distal margins. Proximal half of merus of 
cheliped white with distal one-third tan, carpus with base color tan and dorsal groove 
darker. Base color of palm of chela of cheliped tan dorsally, articular condyles light tan 
or pale yellow, dactylus and finger of propodus dark brown or dark green with distal one-
fourth to one-third white. Ischia, merus, and carpus of walking legs blue dorsally and 
laterally, propodus of walking legs white, dactylus of walking legs white, joints f 




Figure 3.4. Cambarus (H.) Species B form II male from type locality. 
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Measurements 
Table 3.1. Standard measurements (mm) of type specimens of C. Species B. 
    Holotype   Allotype   Morphotype   
        
Carapace        
   Depth  12.2  11.5  10.5  
   Width  19.0  16.4  15.4  
   Total Length  34.2  30.3  28.9  
   Postorbital length  28.8  25.0  23.5  
Areola        
   Width  3.6  3.3  3.3  
   Length  13.0  11.0  9.9  
Rostrum        
   Width  4.3  3.9  3.6  
   Length  5.4  5.3  5.4  
Chela        
   Mesial palm length  11.2  7.1  8.2  
   Palm width  15.9  9.8  10.5  
   Lateral margin length  35.8  22.2  25.4  
   Dactyl length  21.6  13.6  15.5  
Abdomen        
   Width  15.0  15.6  13.0  
   Length  31.7  29.4  27.1  




The holotypic male, the allotype, the morphotypic male and paratypes comprising 
material examined will be deposited in the crustacean collection at the North Carolina 




Flat Shoals River at State Secondary Route (SSR) 94 (Flat Shoals Road) about 3.5 
air km southwest of Salem, Oconee County, South Carolina. 
 
Range and Specimens Examined 
I have examined 32 specimens from the following localities (Fig. 3.1). SOUTH 
CAROLINA. Oconee County: (1) Type-locality, 1♂I, 1♀, 15 Sep. 2001, D.R. Jones 
(DRJ), A.G. Eversole (AGE) A. Lukas (AL); 1♀, 21 Sep. 2001, DRJ, AGE; 2♂I, 3♀, 6 
Oct. 2001, DRJ, AGE, AL; 3♂I, 2♀, 2 Nov. 2002, DRJ, P.J. Gorsky; 7♂II, 4♀, 21 May 
2004, DRJ; 3♂I, 1♀, 29 Mar. 2006; (2) Chauga River at end of Forest Service Road 748, 
4♂I, 14 Oct. 1999, S. Welch.  
In addition to the type locality and the Chauga River site, I found C. Species B at 
two other sites, and Dr. Prins collected it from at least five sites. SOUTH CAROLINA. 
Oconee County: (3) Flat Shoals River @ SSR 24 (Tanyard Bridge Road) ca. 5.9 air km 
south of Salem, South Carolina, DRJ, 15 Apr. 2004; (4) Oconee Creek at SR 24, DRJ, 15 
April 2004; (4) Thompson River near confluence with Whitewater River at entrance to 
fishing club, R. Prins (RP), 22 July 1966, inundated; (5) Whitewater River just upstream 
from Jocassee, SC, RP, 11 Jan. 1967, inundated; (6) Toxaway River upstream of 
confluence with Horsepasture River, RP, 1966, inundated; (7) Little River at State Rout  
(SR) 11, RP, 31 May 1966, 19 July 1966, 17 October 1966. Pickens County: (8) Eastatoe 




This species appeared to be an inhabitant of medium sized rivers and for the most 
part required swift water flowing over a coarse substrate with a mix of large cobble and 
boulder overlaying clean gravel and sand. These conditions were represented at the type
locality and at site 3, and these two sites appear to support the greatest abundance of the 
species.  
This combination of habitat characteristics was patchy and possibly limiting in the 
drainage, as most of the Keowee River has been dammed. Much of the streambed at sites 
sampled for C. Species B consisted of smooth or fractured bedrock, and I had difficulty 
collecting specimens in these habitats, even when accumulations of large cobble and 
boulder overlay the bedrock. It is possible that suitable habitat is the greatest limiting 
factor for the species, one that would likely be exacerbated by sedimentation. It is 
possible that the large impoundments in the drainage have eliminated much of this 
species’ suitable habitat via inundation.  
 
Variations 
The type material comprised collections from two sites, and type material 
exhibited little variation. The most noticeable occured in the acumen of the rostrum. In 
most individuals the rostrum and acumen were smoothly tapering, so that it was difficult 
to tell where one ended and the other began. However, in a few individuals the acumen 
tapered sharply from the rostrum and the start of the acumen was clear. In some 
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specimens structure and orientation of the annulus ventralis was a mirror image of the 
description in the diagnosis. 
 
Size 
The largest specimen available was a form I male with a CL of 35.4 mm (PCL = 
29.9 mm). The smallest form I male available had a CL of 23.9 mm (PCL = 19.5 mm). 
The largest form II male in the collections had a CL of 32.8 mm (PCL = 27.1 mm), and 
the largest female in the collections had a CL of 32.7 mm (PCL = 27.2 mm). 
 
Life History Notes 
Form I males have been collected in January, March, September, October, and 
November. Form II males have been collected only in May and November. Ovigerous 
females were represented only in collections from the latter half of May. At the type 
locality, on May 21 2004, while snorkeling in a pool, I found about 20 ovigerous females. 
The females occupied shallow depressions they had excavated beneath small flat 
boulders. The pool was approximately 40 m long, 5 m wide, and 1 m deep. 
 
Crayfish Associates 
Cambarus (H.) Species B has been collected with the following crayfish species: 
C. (Cambarus) bartonii, C. (Jugicambarus) asperimanus, C. (Puncticambarus) 
chaugaensis, and Procambarus (Pennides) spiculifer.  
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Relationships 
The species clearly belongs to the group of Hiaticambarus comprising what 
Hobbs (1981) considered to be the most morphologically generalized members: C. 
fasciatus, C. girardianus, and C. speciosus. However, in the absence of genetic analyses, 
it is not possible to accurately assess C. Species B’s position or relationships within this 
species group. 
 
Suggested Vernacular Name 
The suggested vernacular name for this crayfish is the Keowee Crayfish. Keowee 
is a Cherokee word meaning “place of mulberries”, and was the name given to the 
principal village of the Cherokee Lower Towns, which were located in the headwaters of 
the Savannah River in Georgia and South Carolina. The village was located along the 




Using the methodology used by Taylor et al. 2007, the following conservation 
status rankings are given for this crayfish: E (endangered), American Fisheries Society 
status; G1, global heritage ranking; and S1, state heritage ranking for South Carolina. 
Criteria for these listings are restricted range and the potential for the destruction, 




LIFE HISTORY CHARACTERISTICS OF THE ELK RIVER CRAYFISH 
 
INTRODUCTION 
Freshwater crayfishes of the family Cambaridae (Decapoda) reach their greatest 
diversity in North America north of Mexico, totaling 375 species with new species being 
described each year (Taylor et al. 2007, Crandall and Buhay 2008). Crayfish are 
important components of aquatic ecosystems, in terms of their function as processors of 
energy (Huryn and Wallace 1987, Momot 1995, Nystrom et al. 1996), as a keystone 
species in stream community structure (Usio and Townsend 2004), and as prey items for 
a variety of organisms including fish, birds and mammals (Roell and Orth 1993, Momot 
1995, Correia 2001). Crayfish also support viable bait and human food industries (Huner 
2002). 
Despite their abundance, diversity, and importance to stream function, little is 
known of crayfish ecology and natural history (Schuster 1997, Hobbs 2001). Ecological 
information as basic as life history studies is lacking for much of the crayfish fauna of the 
United States and Canada (Taylor et al. 2007). Specifically, life histories have been 
reported for only four of the 97 Cambarus species: C. bartonii (Fabricius 1798), C. halli 
Hobbs 1968, C. longulus longulus Girard 1852, and C. robustus Girard 1852 (Smart 
1962, Hamr and Berrill 1985, Corey 1990, Dennard et al. 2009). This basic information is 
becoming more important as extinction rate estimates for crayfishes exc ed the rates 
projected for freshwater fishes, amphibians, and aquatic snails (Ricciardi and Rasmussen 
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1999). Taylor et al. (2007) estimated that as much as 48% of the North American crayfish 
fauna required some sort of conservation status and protection, largely because of limit d 
geographic ranges of many of the species. Because of their apparently narrow range of 
habitat requirements, these species are especially vulnerable to extirpation or extinction 
via natural and anthropogenic causes (Gilpin and Soulé 1986). Chief among 
anthropogenic effects are habitat degradation and introduction of non-native crayfishes 
(Lodge et al. 2000, Taylor et al. 2007). 
The Elk River Crayfish, Cambarus elkensis Jezerinac and Stocker 1993 
(Decapoda: Cambaridae), is known only from streams in the Elk River drainage of 
central West Virginia (Jezerinac et al. 1995, Loughman et al. 2009). Jezerinac and 
Stocker (1993) noted its occurrence at 21 sites and a more recent statewide survey by 
Loughman et al. (2009) added only one distribution record. These investigators did not 
find C. elkensis in neighboring river drainages and at other mountain streams throughout 
the state. Because of its limited range, C. elkensis was considered threatened by Taylor et 
al. (2007), and listed G2 (NatureServe 2010) and S1 (WVNHP 2007). Little is known 
about C. elkensis, including basic information about life history patterns, habitat 
preferences, or the status of populations in the Elk River watershed. Understanding the 
basic patterns of life history and habitat associations is central to the formation of 
effective conservation plans for any species. Life history patterns such a population age 
structure, maturity, timing of the reproductive cycle, and fecundity are particul ly 
important parameters because they are critical junctures in the life cycle of crayfish.  
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The primary purpose of this study was to describe the basic life history pattern of 
C. elkensis, including longevity, fecundity and reproduction, growth, and population 
structure. In conjunction with life history information, I collected morphometric data and 
these data were used to determine if differences existed between life cycle stages and to 
examine reproductive form alternation in female cambarids.  
 
FIELD SITE DESCRIPTION 
 
Left Fork of Holly River at Hacker Valley, West Virginia, was selected as the site 
for C. elkensis life history studies. Site selection was predicated on accessibility, water
depth, heterogeneity of flow regime and substrate, lack of anthropogenic disturbance, and 
relative abundance of the target species. Left Fork Holly River, a third–order stream at 
the study location (38.6257°N, 80.3833°W) was just downstream from the confluence 
with Laurel Fork. Watersheds above the study site were relatively undisturbed as the 
Laurel Fork watershed was within Holly River State Park and the Left Fork H lly River 
watershed comprised pasture and forested lands. 
Three major habitat or flow regime types were present at the sample site: runs, 
riffles, and pools. Little or no sedimentation was observed in any of the three habitats. 
The run habitat was about 20 m in length, 0.25 - 1.25 m deep and had a substrate of small 
boulders, large cobble, coarse gravel, and sand. Riffle habitat was shallower (0.1 - 0.5 m), 
50 m in length, and contained a well-layered and clean substrate of small and medium 
sized boulders, large cobble, and coarse gravel. Pool habitat was 30 m in length and 0.1 – 
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Crayfish were collected in June - August and October - November 2003 and 
March - May 2004 using a 2.5 x 1.25 m, 3-mm mesh fish seine and a small dip net. Each 
of the three habitat types was sampled until the habitat failed to yield specimens or 50 
individuals were obtained. The specimens were held in coolers, categorized for molt 
stage and reproductive form, measured, and returned to the stream. 
Premolt, intermolt, and fresh molt stages were recognized in the collected 
specimens. Crayfish that showed separation of the carapace from the body were classified 
as premolt individuals. Crayfish that were hard or exhibited a black residue commonly 
accumulated between molts were classified as intermolt individuals. Cryfish that were 
soft, slick, and without any accumulated residue were classified as fresh molt individuals. 
All crayfish collected were measured for carapace length (CL). Abdomen length 
(AbL), female abdomen width (AbW), right propodus length (RPrL), right propodus 
width (RPrW), left propodus length (LPrL), and left propodus width (LPrW) was 
measured on those crayfish collected in June. The right propodus measurements were 
analyzed unless a cheliped was missing or regenerated in which case the left propodus 
measurements were used. Linear measurements were made to the nearest 0.1 mm using 
digital calipers. Specimens collected in July and August were also weighed wet (WT) 
with a spring scale to the nearest g. 
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Crayfish life stage was recorded as form I, form II, or juvenile individuals. Male 
reproductive stage was determined by condition of the first pair of gonopods. In form I 
males the tips of the gonopods were corneous, yellow or golden colored, and blade-like. 
In form II males the tips of the gonopods were bulbous, not cornified, and usually white 
or cream colored. Females were classified as form I individuals if the annulus ventralis 
was well defined/sculpted and colored from orange to yellowish-brown. Ovigerous 
females and females observed with developed glair glands and ova in the gonopore were 
also classified as form I females. Females not exhibiting these conditions were classified 
as form II individuals. The CL for the shortest reproductively mature male or female 
individual was used as the threshold for determining if specimens were adult or juvenile. 
Analysis of covariance (ANCOVA) was used to compare form I and form II stage 
WT, PrL, PrW and AbW within a sex. Differences in each sex’s reproductive stage WT, 
PrL and AbW adjusted for CL, and PrW adjusted for PrL were detected using Student’s t 
test after testing for slope homogeneity (Zar 1999). The AbW comparison was limited to 
female reproductive stage comparison. Sex ratio balance was tested with X2 (Zar 1999). 
The number and range of size classes were initially assessed by visually 
inspecting CL histogram percentages of individuals for each month. The initial 
assessments were then checked by plotting CL vs. cumulative histogram percentages on 
probability paper (Cassie 1954). Size class determination was further refind using the 
MIX 3.1 computer program, which uses maximum likelihood analysis to separate 
overlapping size distributions within the population (MacDonald and Pitcher 1979). 
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These procedures were continually refined until a statistically and biologically a ceptable 




A total of 1265 crayfish were collected. The sex ratios for the 1265 collected 
crayfish (0.87:1) and the August collection (0.68:1) favored females (X2 = 5.7, P = 0.017 
and X2 = 6.0, P = 0.014, respectively). The sex ratios in all the remaining sampling 
months were statistically balanced. 
Intermolt was the most frequently encountered molt stage, accounting for 87% of 
the collected individuals whereas the least frequently encountered stage was the premolt 
(5%). The three molt stages were encountered each month except for the month of March 
when only intermolt individuals were collected and in November when pre-molt 
individuals were not collected (Fig. 4.1). Crayfish exhibiting signs of molt activity, either 
the premolt or fresh molt stages, were most prevalent in the July and August collections. 
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Figure 4.1. Molt stage occurrence for Cambarus elkensis sampled from Left Fork Holly River, June 
through August and October through November 2003, and March through May 2004. 
 
Size-frequency distributions are shown in Figure 4.2. The smallest crayfish in the 
size distribution in each of the collections represent the young-of-the-year (Y-O-Y) 
crayfish hatched the previous year. For example, the distinct size class of small crayfish 
collected in March 2004 was released in late summer or early fall (August – October) 
2003. Because of differential and slowed growth overlapping was observed between 
some of the size classes after one year of age. Five size classes and the degree of overlap 
in the distribution were identified with the MIX size frequency analysis (Table 4.1). 
These size (year) classes, classified according to their presumed hatch ye r, remained 
intact and homogenous as growth progressed throughout the year. 
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Figure 4.2. Frequency histogram plots by carapace length (CL) for Cambarus elkensis sampled from Left 
Fork Holly River, June through August and October through November 2003, and March through May 
2004. Sample numbers represented above each histogram. 
 
Table 4.1. Mean CL (mm), standard error (SE) and percentage of the sample represented by year classes for 





Growth was faster for the smaller, younger year-class crayfish. In comparison, the 
increase in the mean CL for 2002-year class crayfish from June through May was 82% 
whereas the mean CL for the 2001-, 2000-, and 1999-year classes increased only 41%, 
14%, and 3%, respectively (Table 4.1). The oldest 1998-year class crayfish (>50 mm CL) 
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disappeared from the collections sometime between fall (November) and spring (March) 
collections in their fifth year of life. 
The only ovigerous females (n = 3) encountered were collected in June. These 
females measured 36.7, 40.5, and 43.5 mm CL, and carried 102, 178, and 216 ova, 
respectively. One female of the 2000-year class (33.2 mm CL) with attached young was 
collected in October. The CL of the six attached young was estimated to be 4 mm.  
Individuals of each sex and reproductive form were found throughout the year 
(Fig. 4.3). Form I individuals were encountered less frequently than form II individuals 
except in the March and April samples when 50% and 54% of the adults were form I 
individuals, respectively. In these spring collections twice as many form I fe ales were 
collected than form I males. The lowest monthly proportion of form I individuals (14%) 
was collected in November. The smallest form I individuals of either sex encountered had 
a CL ≥ 29 mm; smaller individuals were classified as juveniles. Juveniles comprised 57% 





Figure 4.3.  Reproductive stages for Cambarus elkensis sampled from Left Fork Holly River, June - 
August, October - November, 2003 and March - May, 2004. Male and female form I and II reproductive 
stages are represented by closed, open, stippled, and cross-hatched histograms, respectively. 
 
Statistical analyses indicated that form I females were heavier than form II 
females when adjusted for CL (F1,31 = 5.54, P = 0.026) and had wider abdomens than form 
II females (F1,50 = 10.77, P = 0.002). After adjusting for CL form I female propodus 
lengths were longer than those for form II females (F1,51 = 10.38, P = 0.002). In contrast, 
there was no difference in propodus width between form I and II females when adjusted 
for propodus length (F1,51 = 0.17, P = 0.69), or when adjusted for CL (F1,51 = 3.61, P = 
0.06). 
Significant differences were observed between male reproductive forms. Form I 
males were not heavier than form II males when adjusted for CL (F1,50 = 2.719, P = 0.106) 
but their propodus lengths were longer than those of form II males (F1,51 = 13.52, P = 
0.001). There was no difference in propodus width between form I and II males when 
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adjusted for propodus length (F1,51 = 0.346, P = 0.559), but there was a difference in width 
between form I males and form II males when adjusted for CL (F1,51 = 8.86, P = 0.005). 
 
DISCUSSION 
The life cycle of C. elkensis in Left Fork Holly River was similar in some but not 
all respects to the life cycles reported for other Cambarus species. For example, females 
become ovigerous in June and July in this population and in Canadian populations of C. 
robustus and C. bartonii (Hamr and Berrill 1985, Corey 1990), but two months later than 
that observed for C. longulus in Virginia and C. halli in Georgia (Smart 1962, Dennard et 
al. 2009). In the present study no free-living recently released instars were found in the 
late summer/fall (August - November) collections, contrary to the findings of other 
studies of Cambarus species (Hamr and Berrill 1985, Dennard et al. 2009). Instead an 
individual with six attached young was collected in October, a clutch size considerably 
smaller than that observed on ovigerous females in June. Using the 35 days reported for 
the time of ovipositioning to independence of the young in cambarid crayfishes by Smart 
(1962), this crayfish may have been in the process of releasing offspring from eggs 
attached in June or July. It is also possible that our sampling gear (3 mm mesh sein ) 
failed to capture recently released offspring in the fall; another possibility is that a 
proportion of the young remained with the females over winter. Attempts to collect with 
small mesh dip nets were made in the margins of the stream but no recently released 
young were collected in the fall (October – November). 
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Only four ovigerous females have been examined; a 37.6 mm CL individual 
carrying 112 eggs collected in July by Jezerinac et al. (1995) and the three females 
collected by us in June. A positive linear relationship between the number of pleopodal 
eggs and C. elkensis CL was observed using the available data (pleopodal eggs = 17.52 
CL – 541.28, r2 = 0.98). An increase in pleopodal egg number with female size has been 
observed in representatives from each of the crayfish families (Corey 1987, Reynolds 
2002, Beatty et al. 2005). Corey (1987) suggested that crayfish fecundity was related to 
the space available for egg attachment and those factors that dislodge or cause egg losses. 
The first collection of recently released C. elkensis young occurred in March 
2004, a cohort presumably hatched the previous summer/fall when females with eggs and 
attached young were collected. These Y-O-Y individuals reached a CL size of about 15 
mm in one year and the minimum reproductive size (29 mm) in 2.5 - 3 years. In contrast, 
C. halli and C. longulus achieved minimum reproductive CL of 12 - 13 mm and 18 - 22 
mm, respectively, at about one year of age (Smart 1962, Dennard et al. 2009). Although 
reproduction was initiated at these sizes and ages, most of the reproductive contribution 
by a year class occurred in subsequent years when females were larger and older, 2 years 
of age for C. halli and C. longulus and 3-4 years for C. elkensis, C. robustus, and C. 
bartonii (Smart 1962, Hamr and Berrill 1985, Corey 1990, Dennard et al. 2009). The 
oldest cohort of C. elkensis disappeared from the collections during the winter months, 
sometime between November and March, having reached 61–64 months of age. 
Cambarus robustus and C. bartonii life spans were similar in length and approximately 2 
years longer than those for C. halli and C. longulus. Those species that grew to a larger 
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size (e.g., C. elkensis and C. robustus) lived longer than the species with smaller 
maximum sizes (C. halli and C. longulus). 
Crayfish populations usually have even sex ratios and departures from balanced 
sex ratios favor males because of sexual differences in seasonal activitynd catchability 
during the breeding season (Reynolds 2002). It is not clear why the observed C. elkensis 
sex ratio was biased in favor of females, particularly in August during the breeding 
period, because this population was not harvested. In the August collection, however, 
proportionally more females were intermolt stage and possibly more active nd likely to 
be sampled than males from the population. Unbalanced sex ratios in favor of females 
have been observed in only a few other crayfish populations (Corey 1990, Anastácio and 
Marques 1995, Honan and Mitchell 1995). 
The terms form I and form II had been applied exclusively to male crayfishes 
until Wetzel (2002) reported the occurrence of alternation of reproductive form in 
Orconectes females. Our study is the first report of the existence of reproductive form 
alternation in females in the genus Cambarus. Statistical analyses of female 
morphometrics bear out the existence of alternating forms in the females, and i  further 
corroborated by the observation that the smallest females identified as form I individuals 
were the same size as the smallest form I males collected for the study. 
Form I C. elkensis females have longer chelae, wider abdomens and are heavier 
than form II females of the same CL. Similarly, Wetzel (2002) observed that form I 
female abdomens in four Orconectes species were broader than same-sized CL form II 
female conspecifics. A difference in female abdominal width was not surpri ing because 
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wider abdomens in reproductive individuals provide more space for egg attachment 
(Corey 1987, Honan and Mitchell 1995). Several studies have shown that adult crayfishes 
with larger chelae dominate similar-sized crayfish with smaller ch lae (Stein 1976; 
Snedden 1990, Garvey and Stein 1993, Guiaçu and Dunham 1998, Mazlum and Eversole 
2005). The difference in C. elkensis female chela length may give form I females 
advantages in social encounters over other similar-sized form II females. Th e 
differences are relevant, particularly when competition occurs for limited resources, 
because reproductive forms of both sexes coexist in the population throughout the year. 
Male form I C. elkensis have significantly longer and wider chelae than form II 
males of similar CL. Form I C. robustus males, due in part to larger chelae, dominated 
similar-sized form II males and were also more aggressive towards form II than other 
first form conspecific males (Guiaçu and Dunham 1998). Stein (1976) hypothesized that 
selection should favor large chelae in males because chela size is an important feature in 
determining success in sexual encounters with female conspecifics. 
Form II to I male molts are reported to occur in distinct time periods with some 
variations among populations and species of Cambarus. Corey (1990) observed that form 
I C. robustus males outnumbered form II males in the collections in June and July at one 
Canadian location whereas collections of this species at two other Canadian locatio s 
favored form I males one to two months later, in September (Hamr and Berrill 1985). In 
our study, the highest proportion of form I C. elkensis males occurred in the August and 
October collections. These findings agree with Smart’s (1962) observations that C.
longulus form II males molted to form I in fall (August or September) but differed from 
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Dennard’s et al. (2009) observations that C. halli males molt to form I in spring (March-
May). The sampled populations of C. elkensis in West Virginia and C. longulus in 
Virginia were at similar latitude, whereas the sampled C. halli population was in Georgia, 
considerably further south. Variation in life history features should be expected to occur 
among and within species at different locations; the degree and causes of this variation 
need further study. 
Form I C. elkensis males occurred in relatively high proportions throughout the 
year. This could be an artifact of the multi-cohort age distribution of the population, in 
that there were always some faster or slower growing (or alternatively, earlier or later 
hatching) members of each cohort that reach maturity earlier or later than the verage 
cohort member. Alternatively, it could be that the adult male molt to either form I  form 
II, usually in the fall/winter and spring/summer, respectively, was less synchronous. Our 
data show that, at least for the population of C. elkensis that studied, this was the case. It 
also follows that estimating parameters of a crayfish species’ or populatin’s life history 
based strictly on the presence of form I males may not be as reliable as previously 
thought. 
Until this study, data to indicate defined molting periods for the alternation of 
female reproductive forms (form II to form I) were limited to reporting female maturity 
based on the presence of glair glands, extruded eggs or attached young. Using these 
criteria, Hamr and Berrill (1985) found the highest percentages of ‘mature’ female C. 
robustus in the May-July collections. The percentage of C. robustus females with 
attached young peaked in August and was followed by an increase in the proportion of 
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females without glair glands in September and October (Hamr and Berrill 1985). In our 
study using morphological measurements, the highest percentages of form I C. elkensis 
females in the collections occurred earlier (March - April) and the lowest percentages 
later (October - November) in the year than that observed for C. robustus by Hamr and 
Berrill (1985). Whereas Hamr and Berrill (1985) did not sample ‘mature’ C. robustus 
females in each month, in the present study form I females were found in all the C. 
elkensis collections. One possible reason for the difference between the two studies could 
be Hamr and Berrill (1985) relied on evidence of reproductive activity whereas this tudy 
also included morphological features for the identification of female reproductive form. 
Our ability to distinguish female reproductive forms using morphological charateristics 
(Wetzel 2002, this study) should make it easier to elucidate differences in crayfish life 
history features among populations and species. 
The identification of alternating reproductive form in C. elkensis females is also 
significant because it points out that the life cycles of some cambarid crayfishes are 
probably more complex than commonly thought, and that future life history studies need 
to consider both male and female form I and form II individuals in the population. 
Differences in morphology between form I females and form II females is in itself 
interesting, because morphological differences, such as chela length, can confer 
advantages in conspecific interactions. An understanding of these and other life history 
features will be required for the development of effective conservation strategies for C. 
elkensis and other crayfish species of concern.  
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SUMMARY 
Examination of specimens and multivariate analysis of morphological variables of 
specimens from across the range of C. longirostris revealed four undescribed species 
belonging to the subgenus Hiaticambarus. The species are apparently distributed 
allopatrically with respect to one another and to C. longirostris. Three of the species, C.
Species A, C. Species D, and C. Species E, have morphological affinities with C. 
longirostris. The fourth species, C. Species D, has morphological affinities with C. 
fasciatus and C. girardianus rather than with C. longirostris. In the absence of molecular 
data it is possible only to speculate upon the relationships of these three crayfishes to one 
another and to C. longirostris. Description of these species brings the total number of 
species in the subgenus to 13, ca. a 44% increase in terms of specific diversity. 
The life history study of C. elkensis revealed an extended life cycle of about five 
years for the species, one annual reproductive event, and the discovery of reproductive 
form alternation in females of the species, the first occurrence reported for crayfishes of 
the genus Cambarus. Differences in female morphology may give form I females 
advantages in social encounters over other similar-sized form II females and possibly 
over form II males. These differences are relevant, because reproductive forms of both 
sexes coexist in the population throughout the year and it is probable that intraspecific 
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